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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a user appara-
tus, and a signal synchronization method.

BACKGROUND ART

[0002] InLTE (Long Term Evolution) and a successor
system of LTE (e.g., also called LTE-A (LTE-Advanced),
FRA (Future Radio Access), 4G, etc.), a D2D (Device to
Device) technology that performs direct communications
between user terminals without having intervention by a
radio base station has been studied (e.g., Non-Patent
Document 1).

[0003] The D2D technology may be able to reduce the
trafficbetween the user apparatuses and the base station
and to enable communications between the user appa-
ratuses even when the base station is no longer able to
provide communication services at the time of disaster
or the like.

[0004] The D2D technology is roughly divided into a
D2D discovery (also referred to as D2D discovery, D2D
direction) for finding other communicative user terminals
and a D2D communication (also referred to as a D2D
direct communication, D2D communication, an inter-ter-
minal direct communication, etc.) for performing direct
communications between the terminals. In the following,
when the D2D communication, the D2D discovery, etc.,
are not particularly distinguished, they are simply called
"D2D". Further, a signal transmitted and received by the
D2D is called a D2D signal.

[0005] In 3GPP (3rd Generation Partnership Project),
it is being studied to implement V2X by extending the
D2D function. Note thatthe V2Xis a part of ITS (Intelligent
Transport Systems), and is a generic name of a V2V
(Vehicle to Vehicle) indicating a communication mode
executed between vehicles, a V2I (Vehicle to Infrastruc-
ture: roadside-to-vehicle communication) indicating a
communication mode executed between a vehicle and
a road-side unit (RSU: Road-Side Unit) installed at a
roadside, a V2N (Vehicle to Nomadic device: device-to-
vehicle communication) indicating form a communication
mode executed between a vehicle and a mobile terminal
of adriver, and a V2P (Vehicle to Pedestrian: pedestrian
communication) indicating a communication mode exe-
cuted between the vehicle and the mobile terminal of a
pedestrian, as illustrated in FIG. 1.

RELATED ART DOCUMENT

[NON-PATENT DOCUMENT]

[0006] [NON-PATENTDOCUMENT 1]"Key drivers for
LTE success: Services Evolution", September 2011,
3GPP, the Internet URL: http://www.3gpp.org/ftp/Infor-
mation/presentations/prese
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ntations_2011/2011_09_LTE_Asia/2011_LTE-
Asia_3GPP_Service_evolution.pdf

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0007] For a user apparatus that is mainly installed in
a vehicle in V2X, for example, a highly accurate GPS
receiver can be installed, and battery energy consump-
tion caused by constantly receiving GPS signals is not
considered to be a serious problem in many cases.
[0008] Further, the user apparatus needs to synchro-
nize a radio frame and the frequency with those of the
base station and another user apparatus in order to com-
municate with the base station or the other user appara-
tus. However, when the user apparatuses that are locat-
ed mainly outside the coverage perform the D2D com-
munications, a synchronization process needs to be per-
formed using respective clocks inside the user appara-
tuses, which may degrade synchronization accuracy.
[0009] If the synchronization process is performed by
using an external synchronization source such as a sat-
ellite positioning system typically represented by a GPS
signal, itmay be possible to enhance the synchronization
accuracy by using the external synchronization source
outside the coverage. Even within the coverage, the syn-
chronization accuracy may be enhanced by the use of
the external synchronization source.

[0010] However, in the D2D according to related art, a
technique is not defined that is for performing, in the user
apparatus, a synchronization process using an external
synchronization source other than a synchronization sig-
nal defined by the D2D.

[0011] The disclosed technology is developed in view
of the above, and an object is to provide a technique that
allows, in D2D communications, a synchronization proc-
ess using an external synchronization source.

MEANS FOR SOLVING THE PROBLEM

[0012] The user apparatus according to the disclosed
technology is a user apparatus of a radio communication
system supporting D2D communications, the user appa-
ratus including a receiver configured to receive a signal
of an external synchronization source, a synchronization
signal transmitted from a base station, or a synchroniza-
tion signal transmitted from another user apparatus; and
a synchronization processor configured to execute, in
accordance with priority information indicating priority or-
der of signals used for synchronization, radio frame syn-
chronization and frequency synchronization using any
one of the signal of the external synchronization source,
the synchronization signal transmitted from the base sta-
tion, or the synchronization signal transmitted from the
other user apparatus, which is received by the receiver.



3 EP 3 337 253 A1 4

ADVANTAGEOUS EFFECT OF THEPRESENT INVEN-
TION

[0013] According to the disclosed technology, a tech-
nique is provided that allows, in D2D communications, a
synchronization process using an external synchroniza-
tion source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a diagram illustrating V2X;

FIG 2 is a diagram illustrating a configuration exam-
ple of a radio communication system according to
an embodiment;

FIG. 3A is a diagram illustrating a physical channel
specified in D2D;

FIG. 3B is a diagram illustrating a physical channel
specified in D2D;

FIG. 4 is a flowchart illustrating an SLSS transmis-
sion trigger in usual D2D;

FIG. 5is a flowchart illustrating an example of a syn-
chronization process according to the embodiment;
FIG. 6 is a diagram illustrating an example of priority
information;

FIG. 7 is a flowchart illustrating an example of an
SLSS transmission trigger according to the embod-
iment.

FIG. 8 is a sequence diagram illustrating an opera-
tion example of the radio communication system ac-
cording to the embodiment.

FIG. 9 is a diagram showing an example of a radio
resource allocation method using UTC;

FIG. 10Ais adiagramiillustrating a modified example
of an SLSS (GPS sync.);

FIG. 10B is adiagramillustrating a modified example
of an SLSS (GPS sync.);

FIG. 11is adiagramillustrating an example of priority
information in which priority of an SLSS to be trans-
mitted from an RSU is defined;

FIG. 12A is a diagram illustrating a synchronization
process when a plurality of frequency bands exists;
FIG. 12Bis a diagram illustrating the synchronization
process when a plurality of frequency bands exists;
FIG. 13 is a diagram illustrating an example of the
priority information;

FIG. 14A is a diagram illustrating an example of a
correspondence relationship between a synchroni-
zation source and an SLSS;

FIG. 14B is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 14C is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 15A is a diagram illustrating an example of the
correspondence relationship between the synchro-
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nization source and the SLSS;

FIG. 15B is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 15C is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 15D is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 16A is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 16B is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 16C is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 16D is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 17A is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 17B is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 17C is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 17D is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 17E is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 18 is a diagram illustrating an example of the
correspondence relationship between the synchro-
nization source and the SLSS;

FIG. 19A is a diagram illustrating an example of the
priority information;

FIG. 19B is a diagram illustrating an example of the
priority information;

FIG. 20A is a diagram illustrating an example of a
subframe in which an SLSS is transmitted;

FIG. 20B is a diagram illustrating an example of the
subframe in which the SLSS is transmitted;
FIG.21is adiagramillustrating an example of a func-
tional configuration of a user apparatus according to
the embodiment;

FIG.22is adiagramillustrating an example of a func-
tional configuration of a base station according to
the embodiment;

FIG.23is adiagramillustrating an example of a hard-
ware configuration of the user apparatus according
to the embodiment; and

FIG.24is adiagramiillustrating an example of a hard-
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ware configuration of the base station according to
the embodiment.

EMBODIMENTS OF THE INVENTION

[0015] The following describes embodiments of the
present invention with reference to the accompanying
drawings. Note that the embodiments described below
are merely examples and the embodiments to which the
presentinvention is applied are not limited to the following
embodiments. For example, it is assumed that a radio
communication system according to an embodiment
conforms to the LTE standard. However, the present in-
vention may be applied not limited to LTE but may also
be applied to other systems. Note that, in the specification
and the claims, the "LTE" is used in broad meaning in-
cluding, not only a communication scheme correspond-
ing to 3GPP release 8 or 9, but also release 10, 11, 12,
and 13 of the 3GPP, or fifth-generation mobile commu-
nication schemes corresponding to on and after release
14 of the 3GPP.

[0016] The following illustrates an example in which
GPS is used as an external synchronization source; how-
ever, the present embodiment is not limited to the GPS,
and the present embodiment may be applied to a case
in which radio, television, or WiFi (registered trademark)
etc., is used as an external synchronization source. Fur-
ther, GPSis used synonymously with GNSS (Global Nav-
igation Satellite System).

<OUTLINE>

[0017] As illustrated in FIG. 2, a radio communication
system according to an embodiment includes a GPS sat-
ellite 1, a base station eNB, and user apparatuses UEa
to UEe.

[0018] The base station eNB transmits a synchroniza-
tion signal (SS: Synchronization Signal) to the user ap-
paratus UE. More specifically, the SS is a PSS (Primary
Synchronization Signal) and an SSS (Secondary Syn-
chronization Signal).

[0019] The GPS satellite 1 transmits a GPS signal to-
ward the ground. The GPS signal includes information
specifying UTC (Coordinated Universal Time).

[0020] The userapparatuses UEato UEe are provided
with functions to execute D2D communications with each
other. In the following description, any user apparatus of
the user apparatuses (UEa to UEe) is referred to as a
"user apparatus UE".

[0021] Here, usual D2D communication is described.
In the D2D communication, a part of uplink resources
already defined as resources for transmitting an uplink
signal from the user apparatus UE to the base station
eNB is used, and, within the coverage, D2D signals are
transmitted and received in synchronization with the SS
transmitted by the base station eNB.

[0022] Furthermore, in order to implement the D2D
communication outside the coverage, it is specified that
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the user apparatus UE transmits (relays) a synchroniza-
tion signal (SLSS: SideLink Synchronization Signal)
when a predetermined condition is satisfied. More spe-
cifically, the SLSS is a PSSS (Primary Sidelink Synchro-
nization Signal) and an SSS (Secondary Sidelink Syn-
chronization Signal). In addition, the user apparatus UE
that transmits the SLSS is able to transmit a radio frame
number (DFN: Direct Frame Number), a system band-
width, etc., to a user apparatus UE that exists outside
the coverage, by using a physical channel called a
"PSBCH" (Physical Sidelink Broadcast Control Chan-
nel).

[0023] By transmitting (relaying), by a user apparatus
UE located within a coverage, the SLSS based on a syn-
chronization timing of the base station eNB, a user ap-
paratus UE located outside the coverage is also allowed
to execute D2D communication in accordance with the
synchronization timing of the base station eNB. A user
apparatus UE isolated outside the coverage (i.e., a user
apparatus UE unsynchronized with the SS and SLSS)
transmits a SLSS based on a clock generated by an os-
cillator included inside the user apparatus UE, so as to
align synchronization timing with that of another user ap-
paratus UE.

[0024] Next, the SLSS and PSBCH defined in D2D are
described. FIG. 3A illustrates a configuration of an entire
physical channel in D2D. FIG. 3B illustrates specific con-
figurations of SLSS (PSSS/SSSS) and PSBCH.

[0025] As illustrated in FIG. 3B, in D2D, PSSS and
SSSS are mapped to predetermined SC-FDMA symbols
within one subframe at center 6 PRBs (Physical Re-
source Blocks) of the frequency band, and PSBCH is
mapped to SC-FDMA symbols excluding the PSSS,
SSSS and DM-RS (Demodulation-Reference Signal). As
illustrated in FIG. 3A, the PSSS, SSSS and PSBCH are
transmitted at 40 ms intervals. InFIG. 3A, PSDCH (Phys-
ical Sidelink Discovery Channel) is a physical channel
used for the "D2D Discovery", PSCCH (Physical Sidelink
Control Channel) is a physical channel for transmitting
control information, such as SCI in the "D2D communi-
cation," and PSSCH (Physical Sidelink Shared Channel)
is a physical channel for transmitting data in the "D2D
communication."

[0026] Further, in usual D2D, two types of SLSSs are
specified, which are an SLSS transmitted within a cov-
erage and in the vicinity of the coverage (Partial cover-
age) and an SLSS transmitted outside the coverage. The
PSSS transmitted within the coverage and in the vicinity
of the coverage is a Zadoff-Chu sequence with a route
index of "26," and an SLID (Sidelink ID) in a range from
0 to 167 is identified by the PSSS and the SSSS. The
PSSS transmitted outside the coverage is a Zadoff-Chu
sequence with a route index of "37", and an SLID in a
range from 168 to 355 is identified by the PSSS and the
SSSS. The "SLID" may also be called "SLSSID". Fur-
thermore, an identifier called an in-coverage indicator is
stored in the PSBCH, which is configured to be "1
(TRUE)" within the coverage, and is configured to be "0



7 EP 3 337 253 A1 8

(FALSE)" outside the coverage (including the vicinity of
the coverage). Three types of priority groups (Priority
Groups) are defined by a combination of the SLID and
the In-coverage indicator. Specifically, when the SLID is
from 0 to 167 and the In-coverage indicatoris "1 (TRUE),"
the priority group is defined to be a priority group 1; when
the SLID is from 0 to 167 and the In-coverage indicator
is "0 (FALSE)," the priority group is defined to be a priority
group 2; and when the SLID is from 168 to 355 and the
In-coverage indicator is "0 (FALSE)," the priority group
is defined to be a priority group 3.

[0027] Further, inusual D2D, a priority order is defined
that indicates which synchronization signal the user ap-
paratus UE should synchronize when the user apparatus
UE receives the SS, the SLSS transmitted within the cov-
erage, and the SLSS transmitted outside the coverage.
Itis specified that the SS has a highest priority, the SLSS
transmitted within the coverage has a second highest
priority (Priority group 1), and the SLSS transmitted out-
side the coverage has a lowest priority (Priority 2 or 3).
[0028] FIG. 4 is a flowchart illustrating an SLSS trans-
mission trigger in usual D2D. The user apparatus UE is
defined to transmit (relay) a synchronization signal when
a predetermined condition is satisfied. More specifically,
the user apparatus UE transmits SLSS and PSBCH when
the condition illustrated in FIG. 4 is satisfied.

[0029] In step S11, the user apparatus UE verifies
whether SLSS transmission is indicated in the higher lay-
er (RRC, etc.). When the SLSS transmission is indicated,
the process proceeds to step S12, whereas when the
SLSS transmission is not indicated, the process pro-
ceeds to step S13.

[0030] In step S12, the user apparatus UE transmits
SLSS and PSBCH. In step S12, the user apparatus UE
is in a state in which the user apparatus UE is able to
receive an indication from the higher layer (i.e., within
the coverage), so that the user apparatus UE transmits
the SLSS to be transmitted within the coverage and the
PSBCH including the In-coverage indicator that is con-
figured to be "1".

[0031] In step S13, the user apparatus UE verifies
whether the user apparatus UE is located within the cov-
erage. When the user apparatus UE is located within the
coverage, the process proceeds to step S14, whereas
when the user apparatus UE is located outside the cov-
erage, the process proceeds to step S16.

[0032] In step S14, when the user apparatus UE is
transmitting a D2D signal and a predetermined threshold
(RSRP threshold for determining whether transmission
of SLSS is necessary within coverage) is configured (re-
ported) by SIB (System Information Block) or an RRC
signal, the user apparatus UE determines whether the
received power (RSRP) of the reference signal, etc., from
the base station eNB is less than or equal to the prede-
termined threshold. When the received power is less than
orequal to the predetermined threshold, the process pro-
ceeds to step S15. When the received power exceeds
the predetermined threshold, when no D2D signal is
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transmitted, or when the predetermined threshold is not
configured by an SIB or an RRC signal, the process is
terminated. The user apparatus UE ends the process
when the received power (RSRP) from the base station
eNB is equal to or less than the predetermined threshold,
the user apparatus UE is not transmitting a D2D signal,
or the predetermined threshold is not set (reported) by
SIB (System Information Block) or RRC signal.

[0033] In step S15, the user apparatus UE transmits
the SLSS to be transmitted within the coverage and the
PSBCH including the In-coverage indicator that is con-
figured to be "1".

[0034] In step S16, when a predetermined threshold
(S-RSRP (Sidelink-RSRP) threshold for determining
whether transmission of SLSS is necessary outside the
coverage) is configured by a SIB or an RRC signal, the
user apparatus UE verifies whether the received power
of the DM-RS associated with PSBCH is greater than or
equal to the predetermined threshold. When the prede-
termined threshold is not configured or when the received
power is greater than or equal to the predetermined
threshold, the process is terminated. When the received
power is less than the predetermined threshold (including
a case where DM-RS associated with PSBCH is not de-
tected), the process proceeds to step S17.

[0035] In step S17, the user apparatus UE transmits
the SLSS to be transmitted in the vicinity of the coverage
or outside the coverage and the PSBCH including the In-
coverage indicator in which "0" is configured.

[0036] InFIG. 4, the process of step S14 is performed
inorder to verify whether the userapparatus UE is located
at a position close to the cell edge (i.e., a position close
to the outside of the coverage). That is, the user appa-
ratuses UE are controlled such that only one or more
user apparatuses UE located at one or more positions
close to the cell edge are caused to transmit the SLSS,
and one or more user apparatuses UE located at one or
more positions close to the center of the cellis disallowed
to transmit the SLSS. The process of step S16 is per-
formed to verify whether another user apparatus UE that
transmits PSBCH exists nearby. That is, the user appa-
ratus UE transmits the SLSS in the process of step S17
when the user apparatus UE is in an isolated state or
when a distance to the other user apparatus UE that
transmits the PSBCH is large.

[0037] The userapparatus UE accordingtothe present
embodiment is able to perform synchronization using
GPS signals in addition to the SS and the SLSS. For
example, as illustrated in FIG. 2, the user apparatuses
UEc and UEd located outside the coverage are unable
toreceive the SS from the base station eNB. Instead, the
user apparatus UEc and UEd are able to receive GPS
signals, and the user apparatuses UEc and UEd thus
perform synchronization using the GPS signals.

[0038] Upon detecting multiple synchronization sourc-
es (SS, GPS signals, SLSS), the user apparatus UE per-
forms synchronization using any one of the synchroniza-
tion sources in accordance with the predetermined pri-
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ority order. For example, in FIG. 2, the user apparatus
UEa simultaneously receives the GPS signal and the SS,
and hence, the user apparatus UEa performs synchro-
nization using any one of the GPS signal and the SS
(e.g., a GPS signal).

[0039] According to the present embodiment, the user
apparatus UE is capable of identifying an SLSS synchro-
nized with the GPS signal (hereinafter referred to as
"SLSS (GPS sync.)" for convenience), an SLSS synchro-
nized with the SS (hereinafter referred to as "SLSS (NW
(Network) sync.) for convenience)," and an SLSS not
synchronized with the SS and the GPS signal (hereinafter
referred toas "SLSS (No sync.)" for convenience). A spe-
cific identification method is described below.

[0040] According to the present embodiment, the user
apparatus UE that is in direct synchronization with the
GPS signal basically does not transmit the SLSS.
[0041] Whenthe userapparatus UE synchronized with
the GPS orthe SSreceives a SLSS from auser apparatus
UE that is in isolation (not synchronized with the SS and
SLSS), the user apparatus UE synchronized with the
GPS or the SS may be able to enhance synchronization
accuracy of the isolated user apparatus UE by transmit-
ting the SLSS (GPS sync.) or SLSS (NW sync.). For ex-
ample, in FIG. 2, when the user apparatus UEd synchro-
nized with the GPS signal receives an SLSS from an
isolated user apparatus UEe, the user apparatus UEd
transmits the SLSS (GPS sync.) toward the user appa-
ratus UEe. As a result, the synchronization accuracy of
the user apparatus UEe can be enhanced.

[0042] There is a problem that, in V2X, a vehicle as a
user apparatus may move at a high speed, so that, for
the synchronization based on the D2D signals, time de-
pendent variation of the reception state of the synchro-
nization signalsis large, and itis difficult to ensure stability
ofthe synchronization. According to the embodiment, the
user apparatus UE is capable of switching multiple syn-
chronization sources at high speed.

[0043] Theuserapparatus UE accordingto the present
embodiment includes a vehicle defined in V2X, a mobile
terminal of a driver, and a mobile terminal of a pedestrian.
In addition, the RSU defined in V2X may be a user ap-
paratus UE or a base station eNB in the present embod-
iment unless otherwise specified.

<PROCESS FLOW>

[0044] The following illustrates specific processes per-
formed by the radio communication system in the present
embodiment.

(SYNCHRONIZATION PROCESS)

[0045] FIG. 5 is a flowchart illustrating an example of
a synchronization process according to an embodiment.
As described above, the user apparatus UE performs
synchronization using GPS signals, etc., in addition to
SS and SLSS. Upon detecting a plurality of different syn-
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chronization sources (SS, GPS signals, SLSS), the user
equipment UE performs synchronization using any one
of the synchronization sources in accordance with the
predetermined priority order. The synchronization proc-
ess performed by the user apparatus UE is specifically
described below with reference to FIG. 5.

[0046] In step S21, the user apparatus UE verifies
whether one or more synchronization sources are de-
tected. When one or more synchronization sources are
detected, the process proceeds to step S22.

[0047] In step S22, the user apparatus UE verifies
whether the user apparatus UE has detected a synchro-
nization source with a higher priority than the synchroni-
zation source that is currently synchronized by the user
apparatus UE itselfin step S21. When the user apparatus
UE has detected a synchronization source with a higher
priority than the synchronization source that is currently
synchronized by the user apparatus UE itself, the proc-
ess proceeds to step S23. When the user apparatus UE
has not detected a synchronization source with a higher
priority than the synchronization source that is currently
synchronized by the user apparatus UE itself, the proc-
ess is terminated. When the user apparatus UE is in an
asynchronous state (e.g., immediately after the activa-
tion), the process also proceeds to step S23.

[0048] Note that the user apparatus UE performs the
process of step S22 using priority information indicating
the priority degrees of the synchronization sources used
for synchronization.

[0049] FIG. 6 is a diagram illustrating an example of
priority information. In the priority information illustrated
in FIG. 6, the priority degrees are defined in the order of
a GPS signal, SS, SLSS (GPS sync.), SLSS (NW sync.)
and SLSS (No sync.). The priority information may be
reported from the base station eNB via an RRC signal,
broadcast information (SIB), and a control signal of the
layer 1 or layer 2, or the priority information may be re-
ported from the RSU corresponding to the base station
eNB. The priority information may be previously config-
ured in a SIM (Subscriber Identity Module) or may be
reported via a higher layer control signal transmitted from
a core network. The priority itself may be incorporated
as a processing logic in a program for operating the user
apparatus UE. The priority degrees illustrated in FIG. 6
are merely an example, and the priority degrees may be
defined in any other order. For example, the priority de-
grees may be defined in the order of the SS, GPS signal,
SLSS (GPS sync.), SLSS (NW sync.), and SLSS (No
sync.) in the priority information.

[0050] In step S23, the user apparatus UE performs
radio frame synchronization and frequency synchroniza-
tion using the synchronization source having the highest
priority defined in the priority information among one or
more synchronization sources detected in step S21.
[0051] To perform synchronization with the GPS sig-
nal, time intervals may be synchronized, for example, by
using highly accurate PPS (Pulse Per Second) output
from a GPS reception module of the user apparatus UE.
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However, in LTE, itis necessary to perform not only syn-
chronization of time intervals but also to perform radio
frame synchronization. In order to perform radio frame
synchronization, the user apparatus UE needs to detect
at least the time (timing) at which the radio frame starts
and the radio frame number (SFN (System Frame
Number) or DFN) assigned to the radio frame. In the
present embodiment, information (hereinafter referred to
as "synchronization information") for associating UTC,
the time at which the radio frame starts, and the radio
frame number (SFN or DFN) is held in the user apparatus
UE, and the user apparatus UE performs radio frame
synchronization by comparing the UTC obtained from
the GPS signal with the synchronization information. The
format of the synchronization information is not particu-
larly specified. The "second" corresponding to the timing
at which SFN/DFN = "0" starts may be configured, or the
UTC corresponding to SFN/DFN ="0" may be specifically
configured. An offset value from the UTC corresponding
to SFN/DFN = "0" may be included. The synchronization
information may be reported from the base station eNB
via an RRC signal, broadcast information (SIB), and a
control signal of the layer 1 or layer 2, or the synchroni-
zation information may be reported from the RSU corre-
sponding to the base station eNB. The synchronization
information may be reported via other carriers capable
of being used for synchronization without being directly
transmitted from the base station eNB, or the synchroni-
zation information may be reported together with the cell
ID or the like. The synchronization information may be
preconfigured in a SIM (Subscriber Identity Module) or
may be reported via a higher layer control signal trans-
mitted from a core network.

[0052] In the process described above, steps S21 to
S23 may be executed for each synchronization source
having the same priority, or the user apparatus UE may
control the latency in synchronization by monitoring the
synchronization sources with lower priority degrees in
parallel. Especially, when synchronization is lost after es-
tablishing the synchronization, by monitoring the other
synchronization sources in the background, full scanning
of synchronization sources may become unnecessary in
step 1, and smooth switching between synchronization
sources can be achieved.

[0053] Note that, in the radio communication system
according to the embodiment, it is assumed that a syn-
chronization timing of a radio frame in SS matches a syn-
chronization timing of a radio frame determined from a
GPS signal and the synchronization information. That is,
it is assumed that the base station eNB is also synchro-
nized with the GPS signal.

(SLSS)

[0054] Inthe present embodiment, the user apparatus
UE needs to identify SLSS (GPS sync.), SLSS (NW
sync.),and SLSS (No sync.). In the present embodiment,
these SLSSs may be identified by assigning different se-
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quences to SLSS (GPS sync.), SLSS (NW sync.), and
SLSS (No sync.), respectively. For example, different
route indices may be used for PSSS in SLSS (GPS
sync.), PSSS in SLSS (NW sync.), and PSSS in SLSS
(No sync.), respectively. In particular, by assigning a sin-
gle sequence to SLSS (GPS sync.) and/or SLSS (NW
sync.), comparison in received levels between GPS syn-
chronization sources and/or between base station syn-
chronization sources can be omitted. Further, these may
be mapped to orthogonal sequences (Cyclic shift and/or
Orthogonal sequence) of DM-RSs of channels to be
transmitted together with SLSS such as PSBCH, and the
corresponding sequences are orthogonalized by not ap-
plying group hopping to the corresponding sequences to
enhance synchronization accuracy.

[0055] Further, new route index may be used only for
the PSSS in the SLSS (GPS sync.), while using, for the
PSSSinthe SLSS (NW sync.) and the PSSS in the SLSS
(No. sync.), a route index having the same value as that
of the SLSS transmitted within the usual coverage and
aroute index having the same value as that of the SLSS
transmitted outside the coverage, respectively.

[0056] In addition, an identifier indicating the type of
SLSS may be included in the PSBCH transmitted simul-
taneously with the SLSS to make the SLSS identifiable.
For example, "1" may be set for the identifier of SLSS
(GPS sync.), "2" may be set for the identifier of SLSS
(NW sync.), and "3" may be set for the identifier of SLSS
(No sync.). The identifier may be stored in a reserved
area (Reserved bits) of the PSBCH. The areas for con-
figuring a DFN, a TDD UL-DL config, and a Side link
system bandwidth included in PSBCH transmitted simul-
taneously with SLSS are used such that the type of SLSS
may be made identifiable by the values configured in
these areas. In V2X, it is assumed that all or part of the
configuration values specified in these areas and the usu-
al LTE are not used, and hence, it is possible to apply
these unused areas and unused configuration values.
The configured value of the In-coverage indicator includ-
ed in the PSBCH transmitted simultaneously with the
SLSS may be used for operations of the user apparatus-
es UE other than the SLSS transmission within the cov-
erage so as to make the type of the SLSS identifiable.
[0057] When an identifier indicating the type of SLSS
is included in the PBSCH, the sequences of SLSS (GPS
sync.), SLSS (NW sync.), and SLSS (No sync.) may be
the same or different. Note that an identifier indicating
the type of SLSS may be reported from the base station
eNB via an RRC signal, broadcast information (SIB), and
acontrol signal of the layer 1 or layer 2, or may be reported
from the RSU corresponding to the base station eNB.
Alternatively, an identifier indicating the type of SLSS
may be preconfigured in a SIM (Subscriber Identity Mod-
ule) or may be reported via a higher layer control signal
transmitted from a core network.

[0058] In the following description, "transmitting SLSS
(GPS sync.)" indicates transmitting the SLSS such that
the SLSS (GPS sync.) can be identified by any one of
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the methods described above or a combination of any of
the methods described above. Similarly, transmitting
SLSS (NW sync.) indicates transmitting SLSS such that
the SLSS (NW sync.) can be identified, and transmitting
SLSS (No sync.) indicates transmitting SLSS such that
the SLSS (No sync.) can be identified. That is, transmit-
ting, by the user apparatus UE, a predetermined type of
SLSS (SLSS (GPS sync.), etc.) indicates one or both of
"transmitting SLSS of the sequence corresponding to the
SLSS of the predetermined type" when the type of SLSS
is made identifiable only by the SLSS sequence, and
"transmitting both SLSS and PSBCH including informa-
tion corresponding to the type of SLSS" when the type
of SLSS is made identifiable by combining SLSS and
information stored in PSBCH. Further, "identifying the
type of SLSS received by the user equipment UE" is used
in one of or both meanings of "identifying the type of SLSS
using the sequence of the received SLSS" when the type
of SLSS is made identifiable only by the sequence of
SLSS, and "receiving both SLSS and PSBCH and iden-
tifying the type SLSS using the information included in
the received SLSS and PSBCH" when the type of SLSS
is made identifiable by combining the SLSS and the in-
formation stored in PSBCH.

(SLSS TRANSMISSION TRIGGER)

[0059] Next, a transmission trigger is described when
the user apparatus UE is to transmit the SLSS. As men-
tioned above, when the user apparatus UE is in direct
synchronization with the GPS signal, the user apparatus
UE basically does not transmit the SLSS. Further, when
the user apparatus UE receives SLSS (No sync.) in ad-
dition to the usual SLSS transmission trigger described
in FIG. 4 and is synchronized with the GPS signal or SS,
the user apparatus UE transmits the SLSS (GPS sync.)
or SLSS (NW sync.).

[0060] FIG. 7 is a flowchart illustrating an example of
an SLSS transmission trigger according to the embodi-
ment.

[0061] StepsS31,S33, and S34 are the same as steps
S11, S13, and S14 in FIG. 4, respectively, and the de-
scription is thus omitted.

[0062] In step S32, the user apparatus UE transmits
SLSS (GPS sync.) and PBSCH when the user apparatus
UE is synchronized with the GPS signal; and the user
apparatus UE transmits SLSS (NW sync.) and PBSCH
when the user apparatus UE is synchronized with the
SS. Note that "1" indicating "within the coverage" is set
for In-coverage indicator.

[0063] In step S35, the user apparatus UE verifies
whether the user apparatus UE is in direct synchroniza-
tion with the GPS signal. When the user apparatus UE
is in direct synchronization with the GPS signal, the proc-
ess proceeds to step S37 whereas when the user appa-
ratus UE is not in direct synchronization with the GPS
signal, the process proceeds to step S39.

[0064] In step S36, the user apparatus UE transmits
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SLSS (NW sync.) and PBSCH. Note that "1" indicating
"within the coverage" is set for In-coverage indicator.
[0065] In step S37, when a predetermined threshold
(a threshold for determining whether transmission of
SLSS is necessary outside the coverage) is configured
in a SIB or an RRC signal, the user apparatus UE verifies
whether the received power of the D2D signal is greater
than or equal to the predetermined threshold. The proc-
ess proceeds to step S40 when the predetermined
threshold is not configured or when the received power
is greater than or equal to the predetermined threshold.
When the received power is less than the predetermined
threshold (including a case where the D2D signal is not
detected), the process proceeds to step S38.

[0066] In step S38, the user apparatus UE verifies
whether the user apparatus UE is in direct synchroniza-
tion with the GPS signal. When the user apparatus UE
is in direct synchronization with the GPS signal, the proc-
ess is terminated whereas when the user apparatus UE
is not in direct synchronization with the GPS signal, the
process proceeds to step S39.

[0067] In step S39, the user apparatus UE transmits
SLSS (GPS sync.) and PBSCH when the user apparatus
UE is synchronized with the SLSS (GPS sync.) transmit-
ted by another user apparatus UE; the user apparatus
UE transmits SLSS (NW sync.) and PBSCH when the
user apparatus UE is synchronized with the SLSS (NW
sync.) transmitted by another user apparatus UE; and
the user apparatus UE transmits the SLSS (No sync.)
and PBSCH when the userapparatus UE is synchronized
with SLSS (No sync.) transmitted by another user appa-
ratus UE. The user apparatus UE transmits SLSS (No
sync.) and PBSCH when the user apparatus UE is in an
isolated state. Note that "0" indicating "outside the cov-
erage" is set for In-coverage indicator.

[0068] In step S40, the user apparatus UE verifies
whether the user apparatus UE receives the SLSS (No
sync.) transmitted by another user apparatus UE. When
the user apparatus UE receives the SLSS (No syn.), the
process proceeds to step S41, whereas when the user
apparatus UE receives SLSS other than SLSS (No
sync.), the process is terminated.

[0069] In step S41, the user apparatus UE verifies
whether the user apparatus UE itself is synchronized with
the GPS signal or the SLSS (GPS sync.). When the user
apparatus UE itself is synchronized with the GPS signal
or the SLSS (GPS sync.), the process proceeds to step
S42, whereas when the user apparatus UE itself is not
synchronized with the GPS signal or the SLSS (GPS
sync.), the process proceeds to step S43.

[0070] In step S42, the user apparatus UE transmits
SLSS (GPS sync.) and PBSCH.

[0071] In step S43, the user apparatus UE verifies
whether the user apparatus UE itself is synchronized with
SS or SLSS (NW sync.). When the user apparatus UE
itself is synchronized with SS or SLSS (NW sync.), the
process proceeds to step S44, whereas when the user
apparatus UE itself is not synchronized with the SS or
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SLSS (NW sync.), the process is terminated.

[0072] In step S44, the user apparatus UE transmits
SLSS (NW sync.) and PBSCH.

[0073] The SLSS transmission trigger is described
above. According to the present embodiment, the user
apparatus UE that is in direct synchronization with the
GPS signal does not basically transmit the SLSS. This
is because it is expected, in view of the application of
V2X, that each of the user apparatuses UE are able to
receive GPS signals unless the user apparatuses UE are
located within a tunnel, etc. As aresult, a processing load
on the user equipment UE can be reduced.

[0074] In the present embodiment, when the user ap-
paratus UE receives the SLSS (No sync.), and the user
apparatus UE itself is synchronized with the GPS signal,
SLSS (GPS sync.), SS, or SLSS (NW sync.), the user
apparatus UE transmits SLSS (GPS sync.) or SLSS (NW
sync.). As a result, the user apparatus UE transmitting
the SLSS (No sync.) can synchronized with the SLSS
(GPS sync.) or the SLSS (NW sync.), and precision of
the synchronization can be enhanced. That is, a highly
accurate synchronization state are relayed to each of the
user apparatuses UE within the radio communication
system.

(OPERATION SEQUENCE EXAMPLE)

[0075] Next, in accordance with FIG. 6 and the above-
described flowchart of FIG. 7, a situation is described in
which a synchronization process and transmission (re-
laying) of synchronization signals are performed in the
radio communication system according to the embodi-
ment.

[0076] FIG. 8is asequence diagram illustrating an op-
eration example of the radio communication system ac-
cording to the embodiment. In FIG. 8, it is assumed that
the user apparatuses UEf and UEg are located within the
coverage of the base station eNB and the user appara-
tuses UEf and UEg are able to receive GPS signals. It is
assumed that the user apparatuses UEh and UEi are
located outside the coverage of the base station eNB and
the user apparatuses UEh and UEi are unable to receive
GPS signals. Itis also assumed that the priority informa-
tion defines priority degrees in the order of the GPS sig-
nal, the SS, the SLSS (GPS sync.), the SLSS (NW sync.)
and the SLSS (No sync.). ltis also assumed that the user
apparatus UE is notindicated, by a higher layer, to trans-
mit the SLSS in the process of step S31 of FIG. 7.
[0077] In step S101, the GPS satellite 1 transmits a
GPS signal. In step S102, the base station eNB transmits
an SS.

[0078] In step S103, the user apparatus UEf that re-
ceives the GPS signal and the SS performs a synchro-
nization process using the GPS signal. Note that the user
apparatus UEf is in a state in which the user apparatus
UEf is directly synchronized with the GPS signal but the
user apparatus UEf is in a state in which the user appa-
ratus UEf does not receive a D2D signal transmitted from
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another user apparatus UE. That is, the process is ter-
minated in accordance with a "No" route of step S37 and
a "Yes" route of step S38 in FIG. 7.

[0079] In step S104, the user apparatus UEf that re-
ceives the GPS signal and the SS performs a synchro-
nization process using the GPS signal. Note that the user
apparatus UEg is in a state in which the user apparatus
UEg is synchronized with the GPS signal but the user
apparatus UEg does not receive a D2D signal transmitted
from another user apparatus UE. That is, the process is
terminated in accordance with the "No" route of step S37
and the "Yes" route of step S38 in FIG. 7.

[0080] In step S105, the user apparatus UEi in an iso-
lated state transmits SLSS (No syn.) and PBSCH accord-
ing to the process of step S39in FIG. 7 in order to perform
D2D communication with, for example, another user ap-
paratus UE.

[0081] Instep S106, the user apparatus UEh performs
a synchronization process using the SLSS (No sync.)
received from the user apparatus UEi. Note that it is as-
sumed that the received power of the SLSS is less than
the predetermined threshold indicated by SIB. Accord-
ingly, the user apparatus UE determines that the user
apparatus UEh should transmit the SLSS (No sync.) in
accordance with the process of step S39 in FIG. 7.
[0082] Instep S107,the user apparatus UEh transmits
SLSS (No sync.) and PBSCH.

[0083] Instep S108, sincethe userapparatus UEg has
already been synchronized with the GPS signal with a
high priority, the user apparatus UEg attempts not be
synchronized with the SLSS (No sync.) received in step
S107. Further, the user apparatus UEg determines that
the user apparatus UEg should transmit the SLSS (GPS
sync.) in accordance with the process of step S42 in FIG.
7.

[0084] Instep S109, the user apparatus UEg transmits
SLSS (GPS sync.) and PBSCH.

[0085] In step S110, the user apparatus UEh deter-
mines that the user apparatus UEh receives SLSS (GPS
sync.) with a higher priority than the SLSS (No sync.)
with which the user apparatus UEh is currently synchro-
nized, and the user apparatus UEh then performs a syn-
chronization process using SLSS (GPS sync.). Note that
it is assumed that the received power of the D2D signal
received or measured in advance in step S109 is higher
than or equal to a predetermined threshold. Accordingly,
the process is terminated in accordance with a "No" route
of step S40in FIG. 7.

[0086] Suppose that, in step Sill, the user apparatus
UEi in an isolated state transmits SLSS (No sync.) and
PBSCH according to the process of step S39in FIG. 7,
in order to perform D2D communication with, for exam-
ple, another user apparatus UE.

[0087] In step S112, the user apparatus UEh deter-
mines that the user apparatus UEh receives SLSS (No
sync.) with a lower priority than that of the currently syn-
chronized SLSS (GPS sync.), and hence, the user ap-
paratus UEh does not perform the synchronization proc-



17 EP 3 337 253 A1 18

ess. Further, the user apparatus UEh determines that
the user apparatus UEh should transmit the SLSS (GPS
sync.) in accordance with the process of step S42 in FIG.
7.

[0088] Instep S113,the user apparatus UEh transmits
the SLSS (GPS sync.) and PBSCH.

[0089] The situation is described above in which the
synchronization process and the transmission (relaying)
of the synchronization signal are performed in the radio
communication system according to the embodiment.

(ALLOCATION OF RADIO RESOURCES USING UTC)

[0090] Next, a radio resource allocation method using
UTC is described. In the embodiment, a synchronization
process is implemented in which the GPS signals are
used. In addition to this, the GPS signals may be used
for synchronization that is coarse compared to the radio
frame synchronization. For example, the user apparatus
UE may identify, using UTC obtained by the GPS signal,
radio resources with which the D2D communication can
be performed.

[0091] More specifically, the base station eNB trans-
mits radio resource allocation information indicating "a
period during which the RSU is capable of transmitting
a D2D signal" and "a period during which the user appa-
ratus UE other than the RSU is capable of transmitting
the D2D signal" to the user apparatus UE via broadcast
information. Based on the type of the user apparatus UE
itself, the radio resource allocation information, and UTC
obtained from the GPS signal, the user apparatus UE
may transmit the D2D signal in the "period during which
the RSU is capable of transmitting the D2D signal" when
the type of the user apparatus UE itself is RSU, and the
user apparatus UE may transmit the D2D signal in the
"period during which the user apparatus UE other than
the RSU is capable of transmitting the D2D signal" when
the type of the user apparatus UE itself is a user appa-
ratus other than the RSU.

[0092] FIG. 9 is a diagram showing an example of a
radio resource allocation method using UTC. As illustrat-
ed in FIG. 9, a period during which the RSU is capable
of transmitting the D2D signal and a period during which
the user apparatus UE other than the RSU is capable of
transmitting the D2D signal may be alternately config-
ured. TDM may be applied to the transmission resources
at the subframe level and/or the frame level, etc., using
a terminal time and/or a terminal built-in clock etc., in
accordance with the type of a synchronization source
(GPS/Base station eNB/Terminal Built-in Clock).

<PROCESS FLOW (MODIFIED EXAMPLE)>

[0093] Subsequently, two or more modified examples
of the above-described process are described.
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(MODIFIED EXAMPLES OF SLSS (GPS SYNC.))

[0094] In the present embodiment, an SLSS (GPS
sync.) transmitted by the user apparatus UE that directly
receives the GPS signal to perform synchronization may
be distinguished from an SLSS (GPS sync.) transmitted
by the user apparatus UE that receives an SLSS (GPS
sync.) transmitted from another user apparatus UE to
perform synchronization. As illustrated in FIG. 10A, an
SLSS transmitted from the user apparatus UE that di-
rectly receives the GPS signal to perform synchronization
may be defined as an SLSS (GPS sync. Level 0), and
an SLSS transmitted by the user apparatus UE that re-
ceives an SLSS (GPS sync.) to perform synchronization
may be defined as an SLSS (GPS sync Level 1).
[0095] The number of times each SLSS isrelayed may
be identifiable. For example, as illustrated in FIG. 10B,
the SLSS transmitted by a user apparatus UE that directly
receives the GPS signal to perform synchronization is
definedas an SLSS (GPS sync. Level 0), the SLSS trans-
mitted by a user apparatus UE that receives the SLSS
(GPS sync. Level 0) to perform synchronization is defined
as an SLSS (GPS sync. Level 1), and the SLSS trans-
mitted by a user apparatus UE that receives the SLSS
(GPS sync. Level 1) to perform synchronization is defined
as an SLSS (GPS sync. Level 2). These SLSSs may be
identified by applying different sequences to the SLSSs
or may be identified by identifiers indicating respective
types of the SLSS included in the PSBCHs.

[0096] These SLSSs may be included in the priority
information. When receiving the SLSS (GPS sync.), the
user apparatus UE may perform synchronization using
SLSS (GPS sync.) that has been relayed a small number
of times.

(PRIORITY OF SYNCHRONIZATION SIGNAL TRANS-
MITTED FROM RSU)

[0097] Inthe presentembodiment, the SLSS transmit-
ted from the RSU may be given higher priority than the
priority of the SLSS transmitted from the user apparatus
UE other than the RSU. For example, each SLSS trans-
mitted from the RSU may be made distinguishable from
each SLSS transmitted from the user apparatus UE other
than the RSU, and the priority information may define
priority degrees of a GPS signal, an SS signal, each
SLSS transmitted from the RSU, and each SLSS trans-
mitted from the user apparatus UE other than the RSU.
FIG. 11 illustrates an example of priority information
when the priority degree of each SLSS transmitted from
the RSU is set higher than the priority degree of each
SLSS transmitted from the user apparatus UE other than
the RSU.

[0098] As described above, each SLSS transmitted
from the RSU may be made distinguishable by applying
a sequence that is different from the sequence of each
SLSS transmitted from the user apparatus UE other than
the RSU, or may be made distinguishable by an identifier
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indicating the type of SLSS included in the PSBCH.
[0099] It is assumed that the RSU is mainly installed
at a road side, etc., and that the RSU hardly moves.
Hence, itis considered that the accuracy of the synchro-
nization signal from the RSU is higher than that of the
synchronization signal from the user apparatus UE other
than the RSU that is supposed to move. Accordingly, it
is possible to enhance the synchronization accuracy in
the entire radio communication system by preferentially
using the synchronization signal transmitted by the RSU
to perform synchronization.

(ALLOWABILITY OF GPS SYNCHRONIZATION FOR
EACH OF MULTIPLE FREQUENCY BANDS)

[0100] When two or more frequency bands exist in the
radio communication system according to the embodi-
ment, it may be possible to specify whether to allow syn-
chronization using the GPS signal in each of frequency
band. For example, as illustrated in FIG. 12A, when fre-
quency bands A to C exist in the radio communication
system, synchronization using a GPS signal may be al-
lowed in all the cells of the frequency bands A and C,
and the synchronization using the GPS signal may not
be allowed in all the cells of frequency band B. Whether
to allow the synchronization using the GPS signal in the
cells of each frequency band may be reported to the user
apparatus UE via broadcast information from each of the
base stations eNB forming the cells, or may be precon-
figured in a SIM.

[0101] Furthermore, whether to allow the GPS syn-
chronization on a cell-by-cell basis in each frequency
band may also be reported to the user apparatus UE via
the broadcast information. In this case, it is possible to
allow (or reject) the GPS synchronization in a specific
cell (place). Whether to allow the GPS synchronization
may be specified for each country or operator. Specifi-
cally, a list of MCC (Mobile Country Code) or MNC (Mo-
bile Network Code) for which the GPS synchronization
is allowed may be preconfigured in a SIM. As a result,
the user apparatus UE can be prevented from performing
the synchronization by using the GPS signal, in a specific
area where, for example, the use of the GPS is not al-
lowed.

[0102] If there are two or more frequency bands in the
radio communication system according to the embodi-
ment and a frequency band used only for V2X (D2D com-
munication) is configured, it may be possible to specify
whether to allow synchronization using SS transmitted
in a cell in a frequency band other than the frequency
band that is used only for the D2D communication.
[0103] Asillustrated in FIG. 12B, it is assumed, for ex-
ample, that there are frequency bands A to C, the SS
transmitted in each cell in the frequency band A is syn-
chronized with the GPS signal, the SS transmitted in each
cell in the frequency band B is not synchronized with the
GPS signal. Further, it is assumed that the frequency
band C is a frequency band used only for the V2X (D2D)
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communication, and that SS is not transmitted in the fre-
quency band C. Note that the SS being synchronized
with the GPS signal indicates that the synchronization
timing of the radio frame in the SS matches the synchro-
nization timing of the radio frame determined based on
the GPS signal and the synchronization information.
[0104] In such a case, if the user apparatus UE that
attempts to perform a D2D communicationin the frequen-
cy band Cis located at a place where the user apparatus
UE is not capable of receiving the GPS signal and syn-
chronization is performed using the SS transmitted in
each cell in the frequency band B, the synchronization
is to be performed at a synchronization timing different
from that of the synchronization established at a place
where the GPS signal is receivable, which is not prefer-
able. Accordingly, a frequency band in which it is allowed
to perform synchronization using SS and a frequency
band in whichitis not allowed to perform synchronization
using SS may be reported to the user apparatus UE via
the broadcast information from the base station eNB.
[0105] As aresult, when a cell is established in which
only the V2X communication is allowed, a likelihood can
be eliminated such that an SS of the cell that is operated
in a state in which the SS is not synchronized with the
GPS signal is erroneously used for synchronization.

(DIFFERENTIATION BETWEEN SYNCHRONIZATION
USING GPS SIGNAL AND SYNCHRONIZATION US-
ING SS)

[0106] In the present embodiment, SLSS (GPS sync.)
is made distinguishable from SLSS (NW sync.); however,
SLSS (GPS sync.) and SLSS (NW sync.) may be made
common. As a result, the synchronization process can
be simplified. Note that "to make common" includes one
of or both of operating, by the user apparatus UE, to
transmit the identical types of SLSSs irrespective of the
type of the synchronization source with which the user
apparatus UE itself is synchronized (i.e., commonality in
terms of transmission), and operating, by the user appa-
ratus UE that receives SLSSs, to recognize that the
SLSSs have the identical priority degrees (i.e., commo-
nality in terms of reception).

(TYPE OF USER APPARATUS THAT TRANSMITS
SLSS)

[0107] Inthe present embodiment, transmission of the
SLSS may be allowed only to the user apparatus UE of
a specific type. For example, the base station eNB in-
cludes, in the broadcast information, transmission per-
mission information that associates the type of the user
apparatus UE with information indicating whether trans-
mission of the SLSS is allowed and transmits the broad-
cast information; and the user apparatus UE compares
the type of the user apparatus UE itself and the trans-
mission permission information, and, upon determining
that transmission of the SLSS is permitted, the user ap-
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paratus UE may transmit the SLSS. As an example, the
base station eNB may transmit, only to the RSU, trans-
mission permission information that allows transmission
of SLSS.

[0108] It is assumed that the RSU is mainly installed
at a road side, etc., and that the RSU hardly moves.
Hence, it is considered that the accuracy of the SLSS
from the RSU is higher than that of the SLSS from the
user apparatus UE other than the RSU that is supposed
to move. The synchronization accuracy may be in-
creased in the whole radio communication system by al-
lowing only the RSU to transmit the SLSS.

(RADIO FRAME SYNCHRONIZATION AND FRE-
QUENCY SYNCHRONIZATION)

[0109] Inthe present embodiment, the user apparatus
UE may apply different priority degrees to a synchroni-
zation signal used for radio frame synchronization (GPS
signal, SS, and each of SLSSs) and to a synchronization
signal used for frequency synchronization (GPS signal,
SS, and each of SLSSs). For example, the user appara-
tus UE may obtain priority information on a synchroniza-
tion signal used for radio frame synchronization and pri-
ority information on a synchronization signal used for fre-
quency synchronization; and, upon receiving a synchro-
nization signal, the user apparatus UE may perform syn-
chronization process in accordance with the priority in-
formation corresponding to the received synchronization
signal. Further, it may be reported whether the V2X car-
rier specified by broadcast by the base station eNB is
allowed to be used for time synchronization/allowed to
be used for frequency synchronization. It may be indi-
rectly reported whether it is allowed to be used for the
time synchronization by reporting whether the time syn-
chronization uses a GPS signal, and/or by reporting a
time offset with respect to GSP. As a result, for example,
an operation can be performed in which the GPS signal
is used only for the radio frame synchronization.

(STABILITY OF SYNCHRONIZATION)

[0110] When the user apparatus UE moves to an area
in which the user apparatus UE is not able to receive a
signal from the external synchronization source (e.g., a
GPS signal), or outside the coverage, a predetermined
time or more may be required until synchronization using
another synchronization source is performed, which may
fail synchronization stability.

[0111] Hence, the user apparatus UE may be able to
maintain synchronization by self-running until synchro-
nization using another synchronization source is estab-
lished. When a time during which the user apparatus UE
is able to maintain synchronization by the self-running
state is set in advance, and the user apparatus UE fails
to establish synchronization using another synchroniza-
tion source after the time elapses, the D2D communica-
tion may be stopped or the synchronization source may
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be changed to the user apparatus UE itself. The above-
described time may be set in accordance with the clock
performance of the user apparatus UE, or the user ap-
paratus UE may be provided with a clock that satisfies
the above-described time.

[0112] Further, the user apparatus UE may perform a
synchronization process using a synchronization source
(SLSS) having a lower priority than that of the synchro-
nization source that was used for the synchronization
immediately before. The user apparatus UE may contin-
ue monitoring SLSS, so that the SLSS can be received
at any time. The monitoring of the SLSS may be per-
formed when the user apparatus UE itself does not trans-
mit the SLSS. Further, the carrier on which the user ap-
paratus UE monitors the SLSS may be the same carrier
as the carrier used by the user apparatus UE for the D2D
communication, or may be a carrier associated with the
carrier used for the D2D communication. The user ap-
paratus UE may transmit the SLSS at a head subframe
of a resource pool so as to reduce reception errors that
may occur when the receiving side user apparatus UEb
monitors the SLSS. By providing, within a resource pool,
a gap interval used for monitoring a synchronization
source for another carrier, the user apparatus UE may
be facilitated to monitor the synchronization source for
the other carrier.

[0113] The user apparatus UE may shorten the trans-
mission cycle of the SLSS. In usual D2D, the transmis-
sion cycle of the SLSS is 40 ms; however, the transmis-
sion cycle of the SLSS may be set to, for example, 10
ms. The transmission cycle may be shortened only for
the SLSS transmitted by the RSU. In the transmission
cycle of the SLSS, a cycle may be defined in which only
the SLSS is transmitted without transmitting the PBSCH.
In a subframe in which only the SLSS is transmitted with-
out transmitting the PSBCH, SCI and the data may be
punctured to make the SLSS to be transmittable. Further,
the transmission subframe of SLSS with high priority
such as SLSS for a GPS source may be configured by
subframe offset, etc., or the transmission cycle may be
shortened.

[0114] The user apparatus UE may always transmit
the SLSS periodically. For example, the user apparatus
UE synchronized with the GPS may always transmit the
SLSS; the base station eNB may indicate, via the RRC
signal, broadcast information (SIB), or a control signal of
a layer 1 or layer 2, to the user apparatus UE whether
the user apparatus UE always transmits the SLSS peri-
odically; or the indication may be made by an RSU cor-
responding to the base station eNB. Alternatively, the
indication may be preconfigured in a SIM, or the indica-
tion may be made through a higher layer control signal
transmitted from a core network. Further, even within the
coverage, the user apparatus UE may operate in the
same manner as the user apparatus UE operates outside
the coverage (however, some radio parameters may be
configured by the base station eNB and the synchroni-
zation signal of the base station eNB may be used as the
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synchronization source). Alternatively, the user appara-
tus UE may be caused to always transmit the SLSS with-
out measurement by not using, as a SLSS transmission
condition outside the coverage, the threshold of the re-
ceived level of the D2D signal (e.g., by defining a thresh-
old of minus infinity).

[0115] The synchronization accuracy may be en-
hanced by increasing (boosting) the transmission power
of SLSS and/or PSBCH with respect to other chan-
nels/signals.

(PRIORITY DETERMINATION INDICATED BY BASE
STATION AND REFLECTION METHOD TO USER AP-
PARATUS OUTSIDE COVERAGE)

[0116] Currently, it has been proposed, in 3GPP, that
a base station eNB is to be allowed to indicate, to a user
apparatus UE within the coverage, a priority degree as
to whether to preferentially use the GPS as a synchroni-
zation source or preferentially use the SS as a synchro-
nization source. When the user apparatus UE is indicated
to preferentially use the GPS as the synchronization
source, the user apparatus UE basically utilizes GPS as
the synchronization source, whereas when the user ap-
paratus UE is indicated to preferentially use the SS as
the synchronization source, the user apparatus UE ba-
sically operates to use SS as a synchronization source.
According to the operation examples described above,
the user apparatus UE using the GPS as the synchroni-
zation source transmits the SLSS (GPS sync.) and the
user apparatus UE using the SS as the synchronization
source transmits the SLSS (NW sync.) to the outside of
the coverage.

[0117] Here, it may be preferable to reflect the above-
described indication of the priority degree by the base
station eNB also on the user apparatus UE outside the
coverage. Specifically, when the user apparatus UE out-
side the GPS signal area and outside the coverage re-
ceives both the SLSS (GPS sync.) and the SLSS (NW
sync.), it is preferable that the user apparatus UE syn-
chronize with the SLSS corresponding to the synchroni-
zation source indicated by the base station eNB within
the coverage. However, since the user apparatus UE out-
side the coverage is incapable of directly receiving the
priority degree indicated by the base station eNB, the
user apparatus UE outside the coverage is unable to de-
termine which SLSS the user apparatus UE is to be syn-
chronized with.

[0118] In the process described above, when the user
apparatus UE receives two or more SLSSs outside the
coverage, the user apparatus UE selects which SLSS
the user apparatus UE is to be synchronized with, based
on the priority information. Namely, it can be considered
that, by reflecting the indication of the priority degree from
the base station eNB in the priority information, the prob-
lem described above can be solved by using the above-
described process as it is. However, when the indication
of the priority degree from the base station eNB is
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changed, there may be a mismatch with the priority in-
formation. Accordingly, the indication of the priority de-
gree from the base station eNB may not be appropriately
reflected to the user apparatus UE outside the coverage.
[0119] In order to appropriately reflect the priority indi-
cated by the base station eNB to the user apparatus UE
outside the coverage, the radio communication system
may use the following process.

[OUTLINE]

[0120] In this process, the priority (priority order) for
each type of SLSS may be defined in advance, and the
user apparatus UE within the coverage transmits the type
of the SLSS with the priority corresponding to the priority
indicated by the base station eNB, based on the priority
indicated by the base station eNB and the synchroniza-
tion source with which the user apparatus UE is synchro-
nized. When the priority indicated by the base station
eNB is changed, the user apparatus UE within the cov-
erage switches so as to transmit a type of the SLSS with
priority corresponding to the indication from the base sta-
tion eNB. Upon receiving two or more SLSSs outside the
coverage, the user apparatus UE determines which
SLSS the user apparatus UE is to be synchronized with
in accordance with predetermined priority degrees
among SLSS types. As a result, the indication of the pri-
ority degree from the base station eNB is reflected to the
user apparatus UE outside the coverage, and the user
apparatus UE outside the coverage is able to appropri-
ately determine the SLSS with which the user apparatus
UE is to be synchronized.

[TYPE OF SLSS]

[0121] In this process, since two or more types of
SLSSs are used, the user apparatus UE may need to
identify two or more types of SLSS. In this process, the
type of SLSS may be made identifiable by assigning dif-
ferent sequence to two or more types of SLSS, respec-
tively.

[0122] In addition, an identifier indicating the type of
SLSS may be included in the PSBCH transmitted simul-
taneously with the SLSS to make the SLSS identifiable.
The identifier may be stored in areserved area (Reserved
bits) of the PSBCH. The areas for configuring a DFN, a
TDDUL-DL config, and a Side link system bandwidth in-
cluded in PSBCH transmitted simultaneously with SLSS
may ne used, so that the type of SLSS may be made
identifiable by the values configured in these areas. In
V2X, itis assumed that all or part of the configured values
defined in these areas and the usual LTE are not used,
and hence, it is possible to apply these unused areas
and unused configured values.

[0123] The configured value of the In-coverage indica-
tor included in the PSBCH transmitted simultaneously
with the SLSS may be used so as to make the type of
the SLSS identifiable. Further, a new physical channel
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differing from the PSBCH transmitted simultaneously
with the SLSS may be defined, and the identifier may be
stored in the new physical channel.

[0124] The type of SLSS may be made identifiable by
associating the sequence of DM-RS transmitted with the
SLSS, such as PSBCH, with the type of SLSS.

[0125] Thereis no limitation to the number of types that
may be defined as the type of SLSS in this process. In
the description of the process, it is assumed that the user
apparatus UE is capable of identifying the type of the
SLSS by any one of the methods described above or a
combination of the methods described above. That s, in
the description of the process, as described above, to
transmit a predetermined type of SLSS by the user ap-
paratus UE is used in meaning to imply one of or both of
"to transmit an SLSS with a sequence corresponding to
the predetermined type of the SLSS" and "to transmit
both the SLSS and the PSBCH including information cor-
responding to the type of the SLSS." Further, to identify
the type of SLSS received by the user apparatus UE is
used in meaning to imply one of or both of "to identify the
type of the SLSS using the sequence of the received
SLSS" and "to receive both the SLSS and the PSBCH
and to identify the type of the SLSS using information
included in the received SLSS and in the received
PSBCH."

[PRIORITY INFORMATION]

[0126] In the priority information used in this process,
the type of SLSS is stored in association with the priority
(priority order). For example, FIG. 13 illustrates an ex-
ample of the priority information when there are five types
of SLSS (SLSS_A to E). In the example of FIG. 13, the
priority of SLSS_A is the highest, and the priority of
SLSS_E is the lowest. Upon receiving two or more types
of SLSS outside the coverage, the user apparatus UE
operates to determine the priority of each of the received
SLSSs using the priority information and to establish syn-
chronization with the SLSS with the highest priority.
[0127] The priority information may be combined with
the priority information illustrated in FIG. 6 or FIG. 11.
For example, of the priority information illustrated in FIG.
6 or FIG. 11, the part related to SLSS may be replaced
with the type of SLSS as illustrated in FIG. 13. Further,
priority information differing from the priority information
illustrated in FIG. 6 or FIG. 11 may be configured in the
user apparatus UE as separate information, or the priority
itself as illustrated in FIG. 13 may be incorporated in a
program for operating the user apparatus UE as a proc-
ess logic.

[ASSOCIATION BETWEEN SYNCHRONIZATION
SOURCE AND PRIORITY OF EACH SLSS, AND OP-
ERATION EXAMPLE]

[0128] The following describes, with reference to the
accompanying drawings, a specific example of associa-
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tion between the synchronization source and the priority
of each SLSS, and an operation example. Note that, as
for the operation, by the receiving side user apparatus
UE, to select the SLSS to be synchronized with may be
described while omitting a part of the description depend-
ing on necessity.

[0129] In FIGS. 14A to 14C, 15A to 15D, 16A to 16D,
17A to 17E, and 18, "priority 1" to "priority 5" indicate the
priority degrees of the respective synchronization sourc-
es, and indicate that each synchronization source is as-
sociated with a type of an SLSS corresponding to a pri-
ority degree defined in the priority information. For ex-
ample, "priority 1" indicates the synchronization source
with the highest priority, and is associated with an SLSS
with the priority 1 (SLSS_A in the example of FIG. 13).
[0130] "eNB (InC)" indicates a case where SS trans-
mitted from the base station eNB within the coverage (In
Coverage) is used as a synchronization source. "GPS"
indicates a case where a GPS signal is used as a syn-
chronization source. "Isolated source" indicates a case
where a clock inside the user apparatus UE is used as
a synchronization source.

[0131] With respect to each of the synchronization
sources not illustrated in FIGS. 14A to 14C, 15A to 15D,
16A to 16D, 17A to 17E, and 18, it implies that the user
apparatus UE synchronized with the not-illustrated syn-
chronization source does not transmit the SLSS.
[0132] In the example of FIG. 14A, "eNB (InC)" and
"GPS" are "priority 1" and are associated with the type
of SLSS of "priority 1", and "isolated source" is "priority
2" and is associated with the type of SLSS of "priority 2".
[0133] Inthe example of FIG. 14A, when the user ap-
paratus UE synchronized with the SS or GPS signal
transmitted from the base station eNB within the cover-
age (In coverage) transmits the SLSS, the user appara-
tus UE transmits an SLSS of the type corresponding to
"priority 1". When the user apparatus UE synchronized
with the clock inside the user apparatus UE transmits an
SLSS, the user apparatus UE transmits an SLSS of the
type corresponding to "priority 2". The user apparatus
UE that has received both the SLSS of "priority 1" and
the SLSS of "priority 2" outside the coverage performs
synchronization with the SLSS corresponding to "priority
1"

[0134] Inthe example of FIG. 14B, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". When the base station eNB indi-
cates that the GPS is to be preferentially used as the
synchronization source within the coverage, the "eNB
(InC)" is "priority 2" and is associated with the type of
SLSS of "priority 2". Further, "GPS" is "priority 2" and is
associated with the type of SLSS of "priority 2".

[0135] Inthe example of FIG. 14B, when the user ap-
paratus UE synchronized with the SS transmitted from
the base station eNB within the coverage transmits an
SLSS, the user apparatus UE transmits an SLSS of the
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type corresponding to "priority 1" or "priority 2" in accord-
ance with the indication of the base station eNB. When
the user apparatus UE synchronized with GPS transmits
an SLSS, the user apparatus UE transmits an SLSS of
the type corresponding to "priority 2". In the example of
FIG. 14B, unlike FIG. 14A, the "isolated source" is not
described in the synchronization source. That is, in the
example of FIG. 14B, the user apparatus UE synchro-
nized with "isolated source" does not transmit SLSS.
[0136] Inthe example of FIG. 14C, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". Further, "GPS" is "priority 2" and
is associated with the type of SLSS of "priority 2".
[0137] Inthe example of FIG. 14C, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the user
apparatus UE synchronized with the SS transmitted from
the base station eNB within coverage (In coverage) trans-
mits an SLSS of the type corresponding to "priority 1".
When the user apparatus UE synchronized with the GPS
transmits an SLSS, the user apparatus UE transmits an
SLSS of the type corresponding to "priority 2". In the ex-
ample of FIG. 14C, unlike the example of FIG. 14B, a
description is not given of a case where the base station
eNB indicates that the GPS is to be preferentially used
as the synchronization source within the coverage. That
is, in the example of FIG. 14C, when the base station
eNB indicates that the GPS is to be preferentially used
as the synchronization source within the coverage, the
user apparatus UE synchronized with the SS does not
transmit SLSS.

[0138] Inthe example of FIG. 15A, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". When the base station eNB indi-
cates that the GPS is to be preferentially used as the
synchronization source within the coverage, the "eNB
(InC)" is "priority 2" and is associated with the type of
SLSS of "priority 2". Further, the "GPS" is "priority 2" and
is associated with the type of SLSS of "priority 2". More-
over, the "isolated source" is "priority 3" and is associated
with the type of SLSS of "priority 3".

[0139] In the example of FIG. 15A, when the user ap-
paratus UE synchronized with the SS transmitted from
the base station eNB within the coverage transmits an
SLSS, the user apparatus UE transmits an SLSS of the
type corresponding to "priority 1" or "priority 2" in accord-
ance with the indication of the base station eNB. When
the user apparatus UE synchronized with GPS transmits
an SLSS, the user apparatus UE transmits an SLSS of
the type corresponding to "priority 2". When the user ap-
paratus UE synchronized with the clock inside the user
apparatus UE transmits an SLSS, the user apparatus UE
transmits an SLSS of the type corresponding to "priority
3". The user apparatus UE that has received two or more
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SLSSs outside the coverage among the SLSSs of "pri-
ority 1", "priority 2" and "priority 3" synchronizes with the
SLSS with the highest priority.

[0140] Inthe example of FIG. 15B, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". Further, the "GPS" is "priority 2"
and is associated with the type of SLSS of "priority 2".
Moreover, the "isolated source" is "priority 3" and is as-
sociated with the type of SLSS of "priority 3".

[0141] Inthe example of FIG. 15B, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as asynchronization source within the coverage, the user
apparatus UE synchronized with the SS transmitted from
the base station eNB within coverage transmits an SLSS
of the type corresponding to "priority 1". When the user
apparatus UE synchronized with the GPS transmits an
SLSS, the user apparatus UE transmits an SLSS of the
type corresponding to "priority 2". When the user appa-
ratus UE synchronized with the clock inside the user ap-
paratus UE transmits an SLSS, the user apparatus UE
transmits an SLSS of the type corresponding to "priority
3"

[0142] Inthe example of FIG. 15C, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". When the base station eNB indi-
cates that the GPS is to be preferentially used as the
synchronization source within the coverage, the "eNB
(InC)" is "priority 3" and is associated with the type of
SLSS of "priority 3". Further, the "GPS" is "priority 2" and
is associated with the type of SLSS of "priority 2".
[0143] In the example of FIG. 15C, when the user ap-
paratus UE synchronized with the SS transmitted from
the base station eNB within the coverage transmits an
SLSS, the user apparatus UE transmits an SLSS of the
type corresponding to "priority 1" or "priority 3" in accord-
ance with the indication of the base station eNB. When
the user apparatus UE synchronized with the GPS trans-
mits an SLSS, the user apparatus UE transmits an SLSS
of the type corresponding to "priority 2".

[0144] Inthe example of FIG. 15D, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". When the base station eNB indi-
cates that the GPS is to be preferentially used as the
synchronization source within the coverage, the "eNB
(InC)" is "priority 3" and is associated with the type of
SLSS of "priority 3". Further, the "GPS" is "priority 2" and
is associated with the type of SLSS of "priority 2". More-
over, the "isolated source" is "priority 4" and is associated
with the type of SLSS of "priority 4".

[0145] In the example of FIG. 15D, when the user ap-
paratus UE synchronized with the SS transmitted from
the base station eNB within the coverage transmits an
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SLSS, the user apparatus UE transmits an SLSS of the
type corresponding to "priority 1" or "priority 3" in accord-
ance with the indication of the base station eNB. When
the user apparatus UE synchronized with the GPS trans-
mits an SLSS, the user apparatus UE transmits an SLSS
of the type corresponding to "priority 2". When the user
apparatus UE synchronized with the clock inside the user
apparatus UE transmits an SLSS, the user apparatus UE
transmits an SLSS of the type corresponding to "priority
4". The user apparatus UE that has received two or more
SLSSs outside the coverage among the SLSSs of "pri-
ority 1", "priority 2" and "priority 3" synchronizes with the
SLSS with the highest priority.

[0146] Various associations between the synchroniza-
tion sources and the types of the SLSSs are described
above with reference to FIGS. 14Ato 14C and FIGS. 15A
to 15D. In the examples of FIGS. 14A to 14C and 15A to
15D, the cases where the synchronization source is other
than the SLSS are described; however, the SLSS may
be included in the synchronization source as illustrated
in the following example.

[0147] In the following description, "eNB (OoC)" indi-
cates a case where an SLSS transmitted from the user
apparatus UE using the SS as the synchronization
source within the coverage is used as a synchronization
source.

[0148] Inthe example of FIG. 16A, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". Likewise, the "eNB (OoC)" is "pri-
ority 1" and is associated with the type of SLSS of "priority
1". Further, the "GPS" is "priority 2" and is associated
with the type of SLSS of "priority 2".

[0149] Inthe example of FIG. 16A, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the user
apparatus UE synchronized with the SS transmitted from
the base station eNB within coverage transmits an SLSS
of the type corresponding to "priority 1". The user appa-
ratus UE synchronized with the SLSS (the same as the
SLSS of "priority 1" in the example of FIG. 16A) trans-
mitted from the user apparatus UE that uses the SS as
the synchronization source within the coverage transmits
an SLSS of the type corresponding to "priority 1". When
the user apparatus UE synchronized with the GPS trans-
mits an SLSS, the user apparatus UE transmits an SLSS
of the type corresponding to "priority 2".

[0150] Inthe example of FIG. 16B, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". Likewise, the "eNB (OoC)" is "pri-
ority 2" and is associated with the type of SLSS of "priority
2". Further, the "GPS" is "priority 2" and is associated
with the type of SLSS of "priority 2".

[0151] Inthe example of FIG. 16B, when the base sta-
tion eNB indicates that the SS is to be preferentially used
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as asynchronization source within the coverage, the user
apparatus UE synchronized with the SS transmitted from
the base station eNB within coverage transmits an SLSS
of the type corresponding to "priority 1". The user appa-
ratus UE synchronized with the SLSS (the same as the
SLSS of "priority 1" in the example of FIG. 16B) trans-
mitted from the user apparatus UE that uses the SS as
the synchronization source within the coverage transmits
an SLSS of the type corresponding to "priority 2". When
the user apparatus UE synchronized with the GPS trans-
mits an SLSS, the user apparatus UE transmits an SLSS
of the type corresponding to "priority 2".

[0152] Inthe example of FIG. 16C, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". Likewise, the "eNB (OoC)" is "pri-
ority 2" and is associated with the type of SLSS of "priority
2". Further, the "GPS" is "priority 2" and is associated
with the type of SLSS of "priority 2". Moreover, the "iso-
lated source" is "priority 3" and is associated with the type
of SLSS of "priority 3".

[0153] Inthe example of FIG. 16C, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as asynchronization source within the coverage, the user
apparatus UE synchronized with the SS transmitted from
the base station eNB within coverage transmits an SLSS
of the type corresponding to "priority 1". The user appa-
ratus UE synchronized with the SLSS (the same as the
SLSS of "priority 1" in the example of FIG. 16C) trans-
mitted from the user apparatus UE that uses the SS as
the synchronization source within the coverage transmits
an SLSS of the type corresponding to "priority 2". When
the user apparatus UE synchronized with the GPS trans-
mits an SLSS, the user apparatus UE transmits an SLSS
of the type corresponding to "priority 2". When the user
apparatus UE synchronized with the clock inside the user
apparatus UE transmits an SLSS, the user apparatus UE
transmits an SLSS of the type corresponding to "priority
3"

[0154] Inthe example of FIG. 16D, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". When the base station eNB indi-
cates that the GPS is to be preferentially used as the
synchronization source within the coverage, the "eNB
(InC)" is "priority 3" and is associated with the type of
SLSS of "priority 3". Further, the "GPS" is "priority 2" and
is associated with the type of SLSS of "priority 2". Like-
wise, the "eNB (OoC)" is "priority 3" and is associated
with the type of SLSS of "priority 3".

[0155] Inthe example of FIG. 16D, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as asynchronization source within the coverage, the user
apparatus UE synchronized with the SS transmitted from
the base station eNB within coverage transmits an SLSS
of the type corresponding to "priority 1". The user appa-
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ratus UE synchronized with the SLSS (the same as the
SLSS of "priority 1" in the example of FIG. 16D) trans-
mitted from the user apparatus UE that uses the SS as
the synchronization source within the coverage transmits
an SLSS of the type corresponding to "priority 3". When
the user apparatus UE synchronized with the GPS trans-
mits an SLSS, the user apparatus UE transmits an SLSS
of the type corresponding to "priority 2".

[0156] Inthe example of FIG. 17A, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". Further, the "GPS" is "priority 2"
and is associated with the type of SLSS of "priority 2".
Likewise, the "eNB (OoC)" is "priority 3" and is associated
with the type of SLSS of "priority 3". Moreover, the "iso-
lated source" is "priority 3" and is associated with the type
of SLSS of "priority 3".

[0157] Inthe example of FIG. 17A, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the user
apparatus UE synchronized with the SS transmitted from
the base station eNB within coverage transmits an SLSS
of the type corresponding to "priority 1". The user appa-
ratus UE synchronized with the SLSS (the same as the
SLSS of the type corresponding to "priority 1" in the ex-
ample of FIG. 17A) transmitted from the user apparatus
UE that uses the SS as the synchronization source within
the coverage transmits an SLSS of a type corresponding
to "priority 3". When the user apparatus UE synchronized
with the GPS transmits an SLSS, the user apparatus UE
transmits an SLSS of the type corresponding to "priority
2". When the user apparatus UE synchronized with the
clock inside the user apparatus UE transmits an SLSS,
the user apparatus UE transmits an SLSS of the type
corresponding to "priority 3".

[0158] Inthe example of FIG. 17B, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". Further, the "GPS" is "priority 2"
and is associated with the type of SLSS of "priority 2".
Likewise, the "eNB (OoC)" is "priority 3" and is associated
with the type of SLSS of "priority 3".

[0159] Inthe example of FIG. 17B, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the user
apparatus UE synchronized with the SS transmitted from
the base station eNB within coverage transmits an SLSS
of the type corresponding to "priority 1". The user appa-
ratus UE synchronized with the SLSS (the same as the
SLSS of "priority 1" in the example of FIG. 17A) trans-
mitted from the user apparatus UE that uses the SS as
the synchronization source within the coverage transmits
an SLSS of a type corresponding to "priority 3". When
the user apparatus UE synchronized with the GPS trans-
mits an SLSS, the user apparatus UE transmits an SLSS
of the type corresponding to "priority 2".
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[0160] Inthe example of FIG. 17C, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". When the base station eNB indi-
cates that the GPS is to be preferentially used as the
synchronization source within the coverage, the "eNB
(InC)" is "priority 3" and is associated with the type of
SLSS of "priority 3". Further, the "GPS" is "priority 2" and
is associated with the type of SLSS of "priority 2". Like-
wise, the "eNB (OoC)" is "priority 3" and is associated
with the type of SLSS of "priority 3". Moreover, the "iso-
lated source" is "priority 4" and is associated with the type
of SLSS of "priority 4".

[0161] In the example of FIG. 17C, when the user ap-
paratus UE synchronized with the SS transmitted from
the base station eNB within the coverage transmits an
SLSS, the user apparatus UE transmits the SLSS of the
type corresponding to "priority 1" or "priority 3" in accord-
ance with the indication of the base station eNB. The
user apparatus UE synchronized with the SLSS (the
same as the SLSS of "priority 1" in the example of FIG.
17C) transmitted from the user apparatus UE that uses
the SS as the synchronization source within the coverage
transmits an SLSS of a type corresponding to "priority
3". When the user apparatus UE synchronized with the
GPS transmits an SLSS, the user apparatus UE trans-
mits an SLSS of the type corresponding to "priority 2".
When the user apparatus UE synchronized with the clock
inside the user apparatus UE transmits an SLSS, the
user apparatus UE transmits an SLSS of the type corre-
sponding to "priority 4".

[0162] Inthe example of FIG. 17D, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". When the base station eNB indi-
cates that the GPS is to be preferentially used as the
synchronization source within the coverage, the "eNB
(InC)" is "priority 3" and is associated with the type of
SLSS of "priority 3". Further, the "GPS" is "priority 2" and
is associated with the type of SLSS of "priority 2". Like-
wise, the "eNB (OoC)" is "priority 4" and is associated
with the type of SLSS of "priority 4". Moreover, the "iso-
lated source" is "priority 4" and is associated with the type
of SLSS of "priority 4".

[0163] Inthe example of FIG. 17D, when the user ap-
paratus UE synchronized with the SS transmitted from
the base station eNB within the coverage transmits an
SLSS, the user apparatus UE transmits the SLSS of the
type corresponding to "priority 1" or "priority 3" in accord-
ance with the indication of the base station eNB. The
user apparatus UE synchronized with the SLSS (the
same as the SLSS of the type "priority 1" in the example
of FIG. 17D) transmitted from the user apparatus UE that
uses the SS as the synchronization source within the
coverage transmits an SLSS of the type corresponding
to "priority 4". When the user apparatus UE synchronized



33 EP 3 337 253 A1 34

with the GPS transmits an SLSS, the user apparatus UE
transmits an SLSS of the type corresponding to "priority
2". When the user apparatus UE synchronized with the
clock inside the user apparatus UE transmits an SLSS,
the user apparatus UE transmits an SLSS of the type
corresponding to "priority 4".

[0164] Inthe example of FIG. 17E, when the base sta-
tion eNB indicates that the SS is to be preferentially used
as a synchronization source within the coverage, the
"eNB (InC)" is "priority 1" and is associated with the type
of SLSS of "priority 1". When the base station eNB indi-
cates that the GPS is to be preferentially used as the
synchronization source within the coverage, the "eNB
(InC)" is "priority 3" and is associated with the type of
SLSS of "priority 3". Further, the "GPS" is "priority 2" and
is associated with the type of SLSS of "priority 2". Like-
wise, the "eNB (OoC)" is "priority 4" and is associated
with the type of SLSS of "priority 4".

[0165] In the example of FIG. 17E, when the user ap-
paratus UE synchronized with the SS transmitted from
the base station eNB within the coverage transmits an
SLSS, the user apparatus UE transmits the SLSS of the
type corresponding to "priority 1" or "priority 3" in accord-
ance with the indication of the base station eNB. The
user apparatus UE synchronized with the SLSS (the
same as the SLSS of "priority 1" in the example of FIG.
17E) transmitted from the user apparatus UE that uses
the SS as the synchronization source within the coverage
transmits an SLSS of the type corresponding to "priority
4". When the user apparatus UE synchronized with the
GPS transmits an SLSS, the user apparatus UE trans-
mits an SLSS of the type corresponding to "priority 2".
[0166] The association between the synchronization
source and the type of the SLSS is described above with
reference to FIGS. 16A to 16D and FIGS. 17A to 15E.
[0167] As described below, a case where the SLSS
transmitted from the user apparatus UE using the GPS
as the synchronization source within the area of the GPS
signal is used as the synchronization source may be de-
fined with respect to the GPS in a manner similar to the
SS. Inthe following description, the "GPS (InC)" indicates
a case where a GPS signal is directly used as a synchro-
nization source, the "GPS (OoC)" indicates a case where
the SLSS transmitted from the user apparatus UE that
uses a GPS signal as a synchronization source in the
GPS area is used as the synchronization source.
[0168] Inthe example of FIG. 18, whenthe base station
eNB indicates that the SS is to be preferentially used as
a synchronization source within the coverage, the "eNB
(InC)" is "priority 1" and is associated with the type of
SLSS of "priority 1". When the base station eNB indicates
that the GPS is to be preferentially used as the synchro-
nization source within the coverage, the "eNB (InC)" is
"priority 4" and is associated with the type of SLSS of
"priority 4". The "GPS (InC)" is "priority 2" and is associ-
ated with the type of SLSS of "priority 2", and the "GPS
(OoC)" is "priority 3" and is associated with the type of
SLSS of "priority 3". Likewise, the "eNB (OoC)" is "priority
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4" and is associated with the type of SLSS of "priority 4".
Moreover, the "isolated source" is "priority 4" and is as-
sociated with the type of SLSS of "priority 4".

[0169] Inthe example of FIG. 18, when the user appa-
ratus UE synchronized with the SS transmitted from the
base station eNB within the coverage transmits an SLSS,
the user apparatus UE transmits the SLSS of the type
corresponding to "priority 1" or "priority 4" in accordance
with the indication of the base station eNB. The user ap-
paratus UE synchronized with the SLSS (the same as
the SLSS of the type "priority 1" in the example of FIG.
18) transmitted from the user apparatus UE that uses the
SS as the synchronization source within the coverage
transmits an SLSS of the type corresponding to "priority
4". When the user apparatus UE synchronized with the
GPS transmits an SLSS, the user apparatus UE trans-
mits an SLSS of the type corresponding to "priority 2".
The user apparatus UE synchronized with the SLSS (the
same as the SLSS of the type "priority 2" in the example
of FIG. 18) transmitted from the user apparatus UE that
uses the GPS as the synchronization source within the
GPS area transmits an SLSS of the type corresponding
to "priority 3". When the user apparatus UE synchronized
with the clock inside the user apparatus UE transmits an
SLSS, the user apparatus UE transmits an SLSS of the
type corresponding to "priority 5". The user apparatus
UE that has received two or more SLSSs outside the
coverage among the SLSSs of "priority 1" to "priority 5"
synchronizes with the SLSS with the highest priority.

[ASSOCIATION BETWEEN TYPE OF SLSS AND PRI-
ORITY]

[0170] In the above description, one SLSS type is as-
sociated with one priority degree as illustrated in FIG. 13;
however, two or more types of SLSS may be associated
with one priority degree.

[0171] As a specific example, when SLSS_A and
SLSS_B are defined as SLSSs of "priority 1," and corre-
spondence between a synchronization source and a pri-
ority degree of each SLSS is to be further defined,
"eNB(InC)" may be associated with the SLSS_A among
the SLSSs of "priority degree 1," and "GPS" may be as-
sociated with the SLSS_B among the SLSSs of "priority
degree 1." The user apparatus UE that has received both
the SLSS_A and SLSS_B with the same priority may be
synchronized with any SLSS or the SLSS with favorable
reception quality.

[METHOD FOR PREVENTING PRIORITY DETER-
MINED BY THE INDICATION OF THE BASE STATION
FROM BEING REFLECTED ON USER APPARATUS
OUTSIDE THE COVERAGE]

[0172] In the example of FIGS. 14A to 14C, 15A to
15D, 16A to 16D, 17A to 17E, and 18, the priority indi-
cated by the base station eNB is reflected on the priority
of the SLSS. In the example of FIG. 15C, when the base
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station eNB indicates that the SS is to be preferentially
used as a synchronization source within the coverage,
the "eNB (InC)" is "priority 1" and is associated with the
type of SLSS of "priority 1", and the GPS is "priority 2"
and is associated with the type of SLSS of "priority 2".
Thatis, the priority of the SLSS transmitted from the user
apparatus UE using the SS as the synchronization
source is higher than that of the SLSS transmitted by the
user apparatus UE using the GPS as the synchronization
source. Conversely, when the base station eNB indicates
that the GPS is to be preferentially used as a synchroni-
zation source within the coverage, the "eNB (InC)" is "pri-
ority 3" and is associated with the type of SLSS of "priority
3", and the GPS is "priority 2" and is associated with the
type of SLSS of "priority 2". That is, the priority of the
SLSS transmitted from the user apparatus UE using the
GPS as the synchronization source is higher than that of
the SLSS transmitted by the user apparatus UE using
the SS as the synchronization source.

[0173] However, it is also assumed that there is no
need to reflect the priority of the synchronization source
within the coverage on the priority of the synchronization
source outside the coverage.

[0174] Thus, one-to-one correspondence between
each synchronization source and the type of the SLSS
may be statically defined in advance. Then, the user ap-
paratus UE may determine the priority of the synchroni-
zation source (the SS and the GPS) in accordance with
an indication from the base station eNB within the cov-
erage. Outside the coverage, for example, the user ap-
paratus UE may perform synchronization in accordance
with the priority information illustrated in FIG. 19A. Note
that in FIG. 19A, the "SLSS (GPS sync. relay)" indicates
the SLSS transmitted by the user apparatus UE using
SLSS (GPS sync.) as the synchronization source, and
"SLSS (NW sync. relay)" indicates the SLSS transmitted
by a user apparatus UE that uses SLSS (NW sync.) as
a synchronization source.

[0175] As a result, even if the base station eNB indi-
cates that the SS is to be preferentially used as the syn-
chronization source within the coverage, the user appa-
ratus UE outside the coverage may be synchronized with
the SLSS (GPS sync. or GPS sync. relay) transmitted
from the user apparatus UE that uses the GPS signal or
the GPS as the synchronization source, in accordance
with FIG. 19A.

[0176] The priority information illustrated in FIG. 19A
is an example, and simplified priority information may be
used depending on network operation, as illustrated in
FIG. 19B. For example, in a carrier operated so as not
to allow synchronization with the SS outside the cover-
age, the simplified priority information illustrated in FIG.
19B may be used. The same priority may be given to the
SLSS where the GPS serves as the synchronization
source and to the SLSS where the SS serves as the
synchronization source. In the example of FIG. 19B, only
three types of priority groups are defined. Accordingly,
three types of priority groups defined for the usual LTE
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may be applied as they are, for which the SLSS sequenc-
es and identifiers in the PSBCs are used. By avoiding to
define unnecessary priority degrees, selection of an ap-
propriate synchronization source corresponding to a re-
ceived level and/or quality of an SLSS and/or a PSBCH
canbe ensured, evenifthere is provided finer distinguish-
ing capability.

[0177] The determination of the priority based on the
indication of the base station and the method of reflecting
the priority on the user apparatus outside the coverage
are described above.

(SUBFRAME IN WHICH SLSS IS TRANSMITTED)

[0178] The user apparatus UE may transmit SLSSs
with different synchronization sources in the same sub-
frame. The example of FIG. 20A depicts a case where
the SLSS using the GPS as the synchronization source
and the SLSS using the SS as the synchronization source
are transmitted in the same subframe. Note that, in order
for the user apparatus UE that receives a plurality of
SLSSs in the same subframe to distinguish the respec-
tive SLSSs, it is necessary that SLIDs (SLSSIDs) have
values that are different from each other. The values of
the SLIDs may be configured by the base station eNB in
the user apparatus UE.

[0179] The user apparatus UE may transmit SLSSs
using different synchronization sources in different sub-
frames in accordance with offset values previously con-
figured to be different values based on the respective
synchronization sources. The example of FIG. 20B de-
picts a case where the SLSS using the GPS as the syn-
chronization source and the SLSS using the SS as the
synchronization source are transmitted in the different
subframes. The offset values may be configured by the
base station eNB in the user apparatus UE.

(SLSS SYNCHRONIZATION DURING MULTIPLE CAR-
RIER OPERATION)

[0180] WhenaD2D communication is performed using
multiple carriers, a synchronization priority between car-
riers may be defined such that a specific carrier may be
preferentially used as a synchronization source, for ex-
ample. That is, the synchronization operation is per-
formed by applying the above-described priority within
the carrier (the process described with reference to FIGS.
13 to 18) to a carrier with a high priority. This synchroni-
zation reference is also applied to a carrier other than
the carrier on which the synchronization signal is re-
ceived (e.g., a carrier included in a preconfigured syn-
chronization carrier list). By such an operation, it be-
comes unnecessary to search for synchronization sourc-
es on all carriers, and inter-carrier synchronization can
be achieved.
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<FUNCTIONAL CONFIGURATION>

[0181] The following illustrates examples of functional
configurations of the user apparatus UE and the base
station eNB that perform the operations of the above-
described embodiment.

(USER APPARATUS)

[0182] FIG. 21 is a diagram illustrating an example of
a functional configuration of a user apparatus according
to an embodiment. As illustrated in FIG. 21, the user ap-
paratus UE includes a signal transmission unit 101, a
signal receiving unit 102, an external synchronization
source signal receiving unit 103, a synchronization proc-
ess unit 104, and an indication unit 105. Note that FIG.
21 merely illustrates the functional configuration partic-
ularly related to the embodiment of the present invention
in the user apparatus UE, and the user apparatus UE
may also include not-illustrated functions for performing,
atthe least, operations conforming to LTE. The functional
configuration illustrated in FIG. 21 is merely an example.
Any functional division and any names of the functional
components may be applied insofar as the operations
according to the present embodiment may be executed.
[0183] The signal transmission unit 101 includes a
function to generate various types of signals of the phys-
ical layer from the signals of a higher layer to be trans-
mitted from the user apparatus UE and to wirelessly
transmit the generated signals. The signal transmission
unit 101 further includes a function to transmit a D2D
signal and a transmission function for the cellular com-
munication. The signal transmitting unit 101 further in-
cludes a function to transmit SLSS and PSBCH to the
other user apparatus UE based on a command from the
indication unit 105.

[0184] Based ontheradioresource allocation informa-
tion, when the type of the user apparatus UE itself is the
RSU, the signal transmission unit 101 may transmit the
D2D signal in a period during which the RSU is allowed
to transmit the D2D signal; and when the type of the user
apparatus UE itself is a user apparatus UE other than
the RSU, the signal transmission unit 101 may transmit
the D2D signal in a period during which the user appa-
ratus UE other than the RSU is allowed to transmit the
D2D signal.

[0185] The signal transmission unit 101 further in-
cludes a function to transmit the SLSS with priority cor-
responding to a synchronization source synchronized by
the synchronization process unit 104. For example, when
the synchronization process unit 104 is synchronized
with the signal of an external synchronization source, the
signal transmission unit 101 may transmit SLSS with pri-
ority corresponding to the external synchronization
source; and when the synchronization process unit 104
is synchronized with SS, the signal transmission unit 101
may transmit SLSS with priority corresponding to the SS.
[0186] The signal receiver 102 includes a function to
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wirelessly receive various signals from another user ap-
paratus UE or the base station eNB, and to obtain signals
of a higher layer from the received signals of the physical
layer. The signal receiving unit 102 further includes a
function to receive the D2D signal and a receiving func-
tion for the cellular communication. The signal receiving
unit 102 further includes a function to receive, from the
base station eNB, various types of information (priority
information, synchronization information, an identifier in-
dicating the type of SLSS, information to be included in
the PSBCH, radio resource allocation information, trans-
mission permission information, etc.) to be used for per-
forming the synchronization process.

[0187] The external synchronization source signal re-
ceiving unit 103 receives a signal (GPS signal, etc.) of
an external synchronization source. The external syn-
chronization source signal receiving unit 103 may further
include a function to generate PPS and output the gen-
erated PPS.

[0188] The synchronization process unit 104 performs
radio frame synchronization and frequency synchroniza-
tion using a signal of the external synchronization source,
SS or SLSS. The synchronization processing unit 104
may perform synchronization using one of the signal of
the external synchronization source, the SS or the SLSS,
in accordance with the priority information.

[0189] The synchronization process unit 104 may per-
form the radio frame synchronization and the frequency
synchronization using the SS transmitted in a cell of a
plurality of cells that is allowed to be used for the radio
frame synchronization and the frequency synchroniza-
tion. The synchronization process unit 104 may perform
radio frame synchronization and frequency synchroniza-
tion, using a signal of the external synchronization source
when the synchronization process unit 104 is allowed to
perform the radio frame synchronization and the frequen-
cy synchronization using the signal of the external syn-
chronization source.

[0190] The synchronization processing unit 104 further
include a function to perform the radio frame synchroni-
zation and the frequency synchronization using the signal
of the external synchronization source or the SS based
on a command from the base station. The synchroniza-
tion process unit 104 may perform radio frame synchro-
nization and frequency synchronization using the type of
the SLSS with the higher priority among the two or more
types of SLSSs received by the signal receiving unit 102
in accordance with the priority information indicating the
priority order of the the two or more types of SLSSs (or
in accordance with the priority of the two or more types
of SLSSs) outside the external synchronization source
receivable area and outside the coverage of the base
station. The synchronization process unit 104 may select
SLSSs with reception quality (e.g., the reception quality
of the DM-RS) that is greater than or equal to a prede-
termined threshold, among the two or more types of
SLSSs received by the signal reception unit 102, and
may perform radio frame synchronization and frequency
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synchronization using the type of the SLSS with the high
priority among the selected SLSSs.

[0191] The indication unit 105 includes a function to
indicate to the signal transmission unit 101 that the signal
transmission unit 101 transmits the SLSS to another user
apparatus UE when a predetermined condition is satis-
fied. Note that the indication unit 105 may indicate to the
signal transmission unit 101 that the signal transmission
unit 101 transmits SLSS (synchronized with an external
synchronization source) or SLSS (NW sync.) when the
SLSS from the other user apparatus UE received by the
signal receiving unit 102 is SLSS (No sync.), and when
the synchronization process unit 104 performs the radio
frame synchronization and the frequency synchroniza-
tion using one of the signal of the external synchroniza-
tion source and the SS.

[0192] The indication unit 105 may compare the type
of the user apparatus UE itself to the transmission per-
mission information that associates the type of the user
apparatus UE with information indicating whether trans-
mission of the SLSS is allowed. Upon determining that
transmission of the SLSS is allowed, the indication unit
105 may indicate to the signal transmission unit 101 to
transmit the SLSS. For example, the indication unit 105
may indicate to the the signal transmission unit 101 to
transmit the SLSS only when the type of the user appa-
ratus UE itself is the RSU.

[0193] Note that the indication unit 105 may be includ-
ed in the signal transmission unit 101, and the external
synchronization source signal receiving unit 103 may be
included in the signal receiving unit 102.

(BASE STATION)

[0194] FIG. 22 is a diagram illustrating an example of
a functional configuration of a base station according to
an embodiment. Asillustrated in FIG. 22, the base station
eNB includes a signal transmission unit 201, a signal
receiving unit 202, and a reporting unit 203. Note that
FIG. 22 merelyillustrates the functional configuration par-
ticularly related to the embodiment of the present inven-
tion in the base station eNB, and the base station eNB
may also include not-illustrated functions for performing,
atthe least, operations conforming to LTE. The functional
configuration illustrated in FIG. 22 is merely an example.
Any functional division and any names of the functional
components may be applied insofar as the operations
according to the present embodiment may be executed.
[0195] The signal transmission unit 201 includes a
function to generate various types of signals of the phys-
ical layer from the signals of a higher layer to be trans-
mitted from the base station eNB and to wirelessly trans-
mit the generated signals. The signal receiving unit 202
includes a function to wirelessly receive various signals
from the user apparatus UE and to obtain signals of a
higher layer from the received signals of the physical lay-
er.

[0196] The reporting unit203 transmits, to the user ap-
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paratus UE, various types of information (priority infor-
mation, synchronization information, an identifier indicat-
ing the type of SLSS, information to be included in the
PSBCH, radio resource allocation information, transmis-
sion permission information, etc.) used for performing,
by the user apparatus UE, the synchronization process,
via a RRC signal, broadcast information (SIB), and a con-
trol signal of layer 1 or layer 2. Further, the reporting unit
203 indicates, to the user apparatus UE within the cov-
erage, the priority as to whether to preferentially use the
GPS as the synchronization source or whether to pref-
erentially use the SS as the synchronization source.
[0197] Each of the above-described functional config-
urations of the user apparatus UE and the base station
eNB may be entirely implemented by a hardware circuit
(for example, one IC chip or multiple IC chips). Alterna-
tively, a partof the functional configuration may be formed
of a hardware circuit, and the remaining part may be im-
plemented by a CPU and a program.

(USER APPARATUS)

[0198] FIG. 23 is a diagram illustrating an example of
ahardware configuration of the user apparatus according
to an embodiment. FIG. 23 illustrates a configuration
closer to the implemented example than the example il-
lustrated in FIG. 21. As illustrated in FIG. 23, the user
apparatus UE includes an RE (Radio Equipment) module
301 configured to perform a process relating to radio sig-
nals, a BB (Base Band) process module 302 configured
to perform a baseband signal process, an apparatus con-
trol module 303 configured to perform a process of a
higher layer, a SIM slot 304 that is an interface for ac-
cessing a SIM card, and an external synchronization
source signal receiving module 305 configured to receive
an external synchronization source signal.

[0199] The RE module 301 performs D/A (Digital-to-
Analog) conversion, modulation, frequency conversion,
power amplification, etc., on the digital baseband signal
received from the BB process module 302 to generate a
radio signal to be transmitted from an antenna. The RE
module 301 also performs frequency conversion, A/D
(Analog to Digital) conversion, demodulation, etc., on the
received radio signal to generate a digital baseband sig-
nal to transfer the generated digital baseband signal to
the BB process module 302. The RE module 301 may
include, for example, a part of the signal transmission
unit 101 and a part of the signal receiving unit 102 illus-
trated in FIG. 21.

[0200] The BB process module 302 is configured to
perform a process of mutually converting the IP packet
and the digital baseband signal. A DSP (Digital Signal
Processor) 312 is a processor configured to perform a
signal process in the BB process module 302. The mem-
ory 322 is used as a work area of the DSP 312. The RE
module 301 may, for example, include a part of the signal
transmission unit 101, a part of the signal receiving unit
102, and the synchronization process unit 104 illustrated
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in FIG. 21.

[0201] Theapparatus control module 303 is configured
to perform an IP layer protocol process, various types of
application processes, and the like. The processor 313
is configured to perform a process performed by the ap-
paratus control module 303. The memory 323 is used as
a work area of the processor 313. The processor 313
reads data from and writes data into the SIM via the SIM
slot 304. The apparatus control module 303 includes, for
example, the indication unit 105 illustrated in FIG. 21.
[0202] The external synchronization source signal re-
ceiving module 305 receives the GPS signal, and per-
forms demodulation, etc., of the received GPS signal.
The external synchronization source signal receiving
module 305 includes the external synchronization source
signal receiving unit 103 illustrated in FIG. 21.

(BASE STATION)

[0203] FIG. 24 is a diagram illustrating an example of
a hardware configuration of the base station according
to the embodiment. FIG. 24 illustrates a configuration
closer to the implemented example than the example il-
lustrated in FIG. 22. As illustrated in FIG. 24, the base
station eNB includes an RE module 401 configured to
perform a process relating to radio signals, a BB process
module 402 configured to perform a baseband signal
process, an apparatus control module 403 configured to
perform a process of a higher layer and the like, and a
communication IF 404 that is an interface for connecting
to a network.

[0204] The RE module 401 performs D/A conversion,
modulation, frequency conversion, power amplification,
etc., on the digital baseband signal received from the BB
process module 402 to generate a radio signal to be
transmitted from an antenna. The RE module 401 also
performs frequency conversion, A/D conversion, demod-
ulation, etc., on the received radio signal to generate a
digital baseband signal to transfer the generated digital
baseband signal to the BB process module 402. The RE
module 401 may include, for example, a part of the signal
transmitter 201 and a part of the signal receiving unit 202
illustrated in FIG. 22.

[0205] The BB process module 402 is configured to
perform a process of mutually converting the IP packet
andthe digitalbaseband signal. ADSP 412isaprocessor
configured to perform a signal process in the BB process
module 402. A memory 422 is used as a work area of
the DSP 412. The BB process module 402 includes, for
example, a part of the signal transmission unit 201, a part
of the signal receiving unit 202, and a part of the reporting
unit 203 illustrated in FIG. 22.

[0206] Theapparatus control module 403 is configured
to perform an IP layer protocol process, an OAM (Oper-
ation and Maintenance) process, etc. A processor 413
is configured to perform a process performed by the ap-
paratus control module 403. A memory 423 is used as a
work area of the processor 413. An auxiliary storage de-
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vice 433 may, for example, be an HDD or the like, and
is configured to store various configuration information,
etc., for the base station eNB itself to operate. The ap-
paratus control module 403 includes, for example, a part
of the reporting unit illustrated in FIG. 22.

<Conclusion>

[0207] According tothe above-described embodiment,
there is provided a user apparatus of a radio communi-
cation system supporting D2D communication, the user
apparatus including a receiver configured to receive a
signal of an external synchronization source, a synchro-
nization signal transmitted from a base station, or a syn-
chronization signal transmitted from another user appa-
ratus; and a synchronization processor configured to ex-
ecute, in accordance with priority information indicating
priority order of signals used for synchronization, radio
frame synchronization and frequency synchronization
using any one of the signal of the external synchroniza-
tion source, the synchronization signal transmitted from
the base station, or the synchronization signal transmit-
ted from the other user apparatus, which is received by
the receiver. With this user apparatus UE, a technique
is provided that allows, in D2D communication, a syn-
chronization process using an external synchronization
source.

[0208] Further, there may be provided the user appa-
ratus including a transmitter configured to transmita D2D
signal, wherein, when the synchronization signal from
the other user apparatus received by the receiver is a
synchronization signal indicating that no synchronization
is established with the signal of the external synchroni-
zation source or the synchronization signal transmitted
from the base station, and when the synchronization
processor executes the radio frame synchronization and
the frequency synchronization using any one of the signal
of the external synchronization source or the synchroni-
zation signal transmitted from the base station, which is
received by the receiver, the transmitter is configured to
transmit a synchronization signal indicating that the syn-
chronization is established with the signal of the external
synchronization source or the synchronization signal
transmitted from the base station. As a result, the user
apparatus UE transmitting the SLSS (No sync.) can es-
tablish synchronization with the SLSS (synchronized with
the external synchronization source) or the SLSS (NW
sync.), and a precision of the synchronization can be en-
hanced. Namely, a highly accurate synchronized state
is related to respective user apparatuses UE within the
radio communication system.

[0209] When a type of the user apparatus is an RSU,
the transmitter may transmit the synchronization signal,
and, when the type of the user apparatus is a type other
than the RSU, the transmitter may not transmit the syn-
chronization signal. As a result, only the RSU that is able
to transmit a highly precise synchronization signal is to
transmit the synchronization signal, so that the synchro-
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nization precision can be enhanced in the whole radio
communication system.

[0210] Further, based on a time included in the signal
of the external synchronization source and radio re-
source allocation information that associates, among ra-
dio resources with which the D2D signal can be trans-
mitted, afirsttime interval during whichan RSU is allowed
to transmit the D2D signal with a second time interval
during which a user apparatus other than the RSU is
allowed to transmit the D2D signal, when a type of the
user apparatus is the RSU, the transmitter may transmit
the D2D signal in the first time interval, and when the
type of the user apparatus is other than the RSU, the
transmitter may transmit the D2D signal in the second
time interval. As a result, a radio resource can be sepa-
rated that is used by the RSU that may transmit a signal
with high importance, so that a likelihood that the signal
with high importance interferes with another signal can
be reduced.

[0211] The receiver may receive a plurality of synchro-
nization signals transmitted in a respective plurality of
cells, and the synchronization processor may execute
the radio frame synchronization and the frequency syn-
chronization using a synchronization signal transmitted
in a cell of the plurality of cells that is allowed to be used
for the radio frame synchronization and the frequency
synchronization. As a result, for example, when a cell is
provided that allows only the V2X communication, a like-
lihood can be eliminated such that a synchronization sig-
nal in a cell that is operated in a state in which not syn-
chronization is established with an external synchroniza-
tion source is erroneously used for synchronization.
[0212] Further, upon detecting that execution of the
radio frame synchronization and the frequency synchro-
nization using the signal of the external synchronization
source is allowed, the synchronization processor may
execute the radio frame synchronization and the frequen-
cy synchronization using the signal of the external syn-
chronization source. As aresult, for example, in a specific
area where use of the GPS is disallowed, the user ap-
paratus UE can be caused not to execute synchroniza-
tion with the external source.

[0213] Further, according to the above-described em-
bodiment, there is provided a user apparatus of a radio
communication system supporting D2D communication,
the user apparatus including a receiver configured to re-
ceive a signal of an external synchronization source, a
synchronization signal transmitted from a base station,
or a plurality of types of synchronization signals trans-
mitted from another user apparatus; and a synchroniza-
tion processor configured to execute radio frame syn-
chronization and frequency synchronization, wherein,
within a coverage of the base station, the synchronization
processoris configured to execute, based ona command
from the base station, the radio frame synchronization
and the frequency synchronization using the signal of the
external synchronization source or the synchronization
signal transmitted from the base station, which is re-
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ceived by the receiver, and wherein, outside an area of
the external synchronization source and outside the cov-
erage of the base station, the synchronization processor
is configured to execute, in accordance with priority in-
formation indicating priority order of the plurality of types
of synchronization signals, the radio frame synchroniza-
tion and the frequency synchronization using a type of
synchronization signal with high priority of the plurality of
types of synchronization signals received by the receiver.
With this user apparatus UE, a technique is provided that
allows, in D2D communication, a synchronization proc-
ess using an external synchronization source.

[0214] The user apparatus may include a transmitter
configured to transmit a synchronization signal toward
another user apparatus. When the synchronization proc-
essor is synchronized with the signal of the external syn-
chronization source, the transmitter may transmit a syn-
chronization signal with the priority order corresponding
to the external synchronization source, and when the
synchronization processor is synchronized with the syn-
chronization signal transmitted from the base station, the
transmitter may transmit a synchronization signal with
the priority order corresponding to the synchronization
signal transmitted from the base station. As a result, an
indication of the priority made by the base station eNB
within the coverage (indication as to whether synchroni-
zation is to be established with the SS or synchronization
is to be established with the external synchronization
source) can be reflected on the user apparatus UE lo-
cated outside the coverage.

[0215] Further, according to the above-described em-
bodiment, there is provided a synchronization method
executed by a user apparatus of a radio communication
system supporting D2D communication, the synchroni-
zation method including a receiving step of receiving a
signal of an external synchronization source, a synchro-
nization signal transmitted from a base station, or a syn-
chronization signal transmitted from another user appa-
ratus; and a synchronization step of executing, in accord-
ance with priority information indicating priority order of
signals used for synchronization, radio frame synchroni-
zation and frequency synchronization using any one of
the signal of the external synchronization source, the syn-
chronization signal transmitted from the base station, or
the synchronization signal transmitted from the other us-
er apparatus. With this synchronization method, a tech-
nique is provided that allows, in D2D communication, a
synchronization process using an external synchroniza-
tion source.

<Supplement to the embodiment>

[0216] When making a type of each SLSS identifiable
by the sequence, the user apparatus UE may be config-
ured not to transmit the PSBCH.

[0217] Synchronization of radio frames may be re-
ferred to as time synchronization (Time Synchroniza-
tion).



45

[0218] The physical channel names employed in the
description of the above embodiments are merely exam-
ples, and the present embodiment may also be applied
to other physical channels.

[0219] The D2D signal, the RRC signal and the control
signal may be a D2D message, an RRC message and a
control message, respectively.

[0220] The method claims present elements of various
steps in a sample order and are not limited to the specific
order presented unless explicitly stated in the claims.
[0221] As described above, the embodiments of the
present invention may be expanded to the LTE (Long
Term Evolution), LTE-A (LTE-Advanced), CDMA 2000,
UMB (Ultra Mobile Broadband), IEEE 802.11 (Wi-Fi (reg-
istered trademark)), IEEE802. 16 (WiMAX (registered
trademark)), IEEE 802.20, UWB (Ultra-Wideband), Blue-
tooth (registered trademark) and/or other suitable sys-
tems.

[0222] A configuration of each of the above-described
devices (user apparatus UE/base station eNB) in the em-
bodiment of the present invention may be implemented
by, in the device including a CPU and a memory, exe-
cuting a program by the CPU (processor); may be imple-
mented by hardware, such as a hardware circuit provided
with a processing logic described in the embodiment; or
may include a mixture of a program and hardware.
[0223] The embodiments of the present invention are
described above; however, the disclosed invention is not
limited to these embodiments, and a person skilled in the
art would understand various variations, modifications,
replacements, or the like. Specific examples of numerical
values have been used for facilitating understanding of
the present invention; however, these numerical values
are merely examples and, unless otherwise noted, any
appropriate values may be used. In the above descrip-
tion, partitioning of items is not essential to the present
invention. Provisions described in more than two items
may be combined if necessary. Provisions described in
one item may be applied to provisions described in an-
other item (as long as they do not contradict). In a func-
tional block diagram, boundaries of functional units or
processing units do not necessarily correspond to phys-
ical boundaries of parts. Operations of multiple functional
units may be physically performed in a single part, or
operations of a single functional unit may be physically
performed by multiple parts. The order of steps in the
above described sequences and flowcharts according to
an embodiment may be changed as long as there is no
contradiction. For the sake of convenience, the user ap-
paratus UE and the base station eNB are described by
using functional block diagrams. These apparatuses may
be implemented by hardware, by software, or by combi-
nation of both. The software which is executed by a proc-
essor included in a user apparatus UE according to an
embodiment and the software which is executed by a
processor included in a base station eNB may be stored
in a random access memory (RAM), a flash memory, a
read-only memory (ROM), an EPROM, an EEPROM, a
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register, a hard disk drive (HDD), a removable disk, a
CD-ROM, a database, a server, or any other appropriate
recording medium.

[0224] In the above-described embodiments, the
SLSS (No sync.) is an example of "a synchronization
signal indicating that no synchronization is established
with a signal of an external synchronization source or a
synchronization signal transmitted from the base sta-
tion". The SLSS (GPS sync.) or SLSS (NW sync.) is an
example of "a synchronization signal indicating that syn-
chronization is established with a signal of an external
synchronization source or a synchronization signal trans-
mitted from the base station".

[0225] The present application is based on and claims
the benefit of priority of Japanese Priority Application No.
2015-159989, filed on August 13, 2015, and Japanese
Priority Application No.2015-218010, filed on November
5, 2015, the entire contents of which are hereby incor-
porated herein by reference.

LIST OF REFERENCE SYMBOLS

[0226]

UE user apparatus

eNB base station

101 signal transmission unit

102 signal receiving unit

103 external synchronization source receiving unit
104 synchronization process unit
105 indication unit

201 signal transmission unit

202 signal receiving unit

203 reporting unit

301 RE module

302 BB process module

303 apparatus control module
304 SIM slot

401 RE module

402 BB process module

403 apparatus control module
404 communication IF

Claims

1. A user apparatus of a radio communication system
supporting D2D communication, the user apparatus
comprising:

a receiver configured to receive a signal of an
external synchronization source, a synchroniza-
tion signal transmitted from a base station, or a
synchronization signal transmitted from another
user apparatus; and

a synchronization processor configured to exe-
cute, in accordance with priority information in-
dicating priority order of signals used for syn-
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chronization, radio frame synchronization and
frequency synchronization using any one of the
signal of the external synchronization source,
the synchronization signal transmitted from the
base station, or the synchronization signal trans-
mitted from the other user apparatus, which is
received by the receiver.

2. The user apparatus according to claim 1, further

comprising:

a transmitter configured to transmit a D2D sig-
nal,

wherein, when the synchronization signal from
the other user apparatus received by the receiv-
er is a synchronization signal indicating that no
synchronization is established with the signal of
the external synchronization source or the syn-
chronization signal transmitted from the base
station, and when the synchronization proces-
sor executes the radio frame synchronization
and the frequency synchronization using any
one of the signal of the external synchronization
source or the synchronization signal transmitted
from the base station, which is received by the
receiver, the transmitter is configured to transmit
a synchronization signal indicating that the syn-
chronization is established with the signal of the
external synchronization source or the synchro-
nization signal transmitted from the base station.

The user apparatus according to claim 2, wherein,
when a type of the user apparatus is an RSU, the
transmitter is configured to transmit the synchroni-
zation signal, and

wherein, when the type of the user apparatus is a
type otherthan the RSU, the transmitter is configured
not to transmit the synchronization signal.

The user apparatus according to claim 2 or 3, where-
in, based on a time included in the signal of the ex-
ternal synchronization source and radio resource al-
location information that associates, among radio re-
sources with which the D2D signal can be transmit-
ted, a first time interval during which an RSU is al-
lowed to transmit the D2D signal with a second time
interval during which a user apparatus other than the
RSU is allowed to transmit the D2D signal, when a
type of the user apparatus is the RSU, the transmitter
is configured to transmit the D2D signal in the first
time interval, and when the type of the user appara-
tus is other than the RSU, the transmitter is config-
ured to transmit the D2D signal in the second time
interval.

The user apparatus according to any one of claims
1 through 4, wherein the receiver is configured to
receive a plurality of synchronization signals trans-
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mitted in a respective plurality of cells, and

wherein the synchronization processor is configured
to execute the radio frame synchronization and the
frequency synchronization using a synchronization
signal transmitted in a cell of the plurality of cells that
is allowed to be used for the radio frame synchroni-
zation and the frequency synchronization.

The user apparatus according to any one of claims
1 to 5, wherein, upon detecting that execution of the
radio frame synchronization and the frequency syn-
chronization using the signal of the external synchro-
nization source is allowed, the synchronization proc-
essor is configured to execute the radio frame syn-
chronization and the frequency synchronization us-
ing the signal of the external synchronization source.

A user apparatus of a radio communication system
supporting D2D communication, the user apparatus
comprising:

a receiver configured to receive a signal of an
external synchronization source, a synchroniza-
tion signal transmitted from a base station, or a
plurality of types of synchronization signals
transmitted from another user apparatus; and
a synchronization processor configured to exe-
cute radio frame synchronization and frequency
synchronization,

wherein, within a coverage of the base station,
the synchronization processor is configured to
execute, based on a command from the base
station, the radio frame synchronization and the
frequency synchronization using the signal of
the external synchronization source or the syn-
chronization signal transmitted from the base
station, which is received by the receiver, and
wherein, outside an area of the external syn-
chronization source and outside the coverage
of the base station, the synchronization proces-
sor is configured to execute, in accordance with
priority information indicating priority order of the
plurality of types of synchronization signals, the
radio frame synchronization and the frequency
synchronization using a type of synchronization
signal with high priority of the plurality of types
of synchronization signals received by the re-
ceiver.

8. The user apparatus according to claim 7, further

comprising:

a transmitter configured to transmit a synchro-
nization signal toward another user apparatus,
wherein, when the synchronization processor is
synchronized with the signal of the external syn-
chronization source, the transmitter is config-
ured to transmit a synchronization signal with
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the priority order corresponding to the external
synchronization source, and

wherein, when the synchronization processor is
synchronized with the synchronization signal
transmitted from the base station, the transmit- 5
ter is configured to transmit a synchronization
signal with the priority order corresponding to

the synchronization signal transmitted from the
base station.

10
A synchronization method executed by a user appa-
ratus of a radio communication system supporting
D2D communication, the synchronization method
comprising:

15

a receiving step of receiving a signal of an ex-
ternal synchronization source, a synchroniza-
tion signal transmitted from a base station, or a
synchronization signal transmitted from another
user apparatus; and 20
a synchronization step of executing, in accord-
ance with priority information indicating priority
order of signals used for synchronization, radio
frame synchronization and frequency synchro-
nization using any one of the signal of the exter- 25
nal synchronization source, the synchronization
signal transmitted from the base station, or the
synchronization signal transmitted from the oth-

er user apparatus.
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